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PREFACE. 


Tre following pages comprehend a condensed view of 
the present state of Chemical Science. The’ chief 
purpose of the work is to make the Student intimately 
acquainted with the theory, at the same time that he 
is acquiring a knowledge of the facts of Chemistry ; 
so that, by the establishment of fixed principles, the 
details may more easily be impressed on the memory, 
and excite an interest which they would not otherwise 
possess. Every one who is acquainted with modern 
Chemistry, will admit that the study of the Laws of 
Combination is fitted in a peculiar manner for promot- 
ing these objects ; and hence, I have treated at length 
of the Atomic Theory, and the subjects connected weer 
it, at an early part of the Volume. 

To this arrangement, I am aware, it may be object 
ed, that many of the facts adduced as illustrations must 
necessarily be unknown to the beginner. I do not an- 
ticipate, however, any serious inconvenience from this 
source’ on the contrary, some experience in teach- 
ing the theoretical and practical details of the Science, 
gives me reason to think that the disadvantages of my 
plan will be very far outweighed by its advantages. 
I may observe, indeed, that this work is chiefly design- 
ed for persons who have either attended, or are attend- 


vi PREFACE. 


ing Lectures on Chemistry; and, to such readers, the 
objection to which I allude, does not apply. 

In the composition of this work, I have had re- 
course, as far as possible, to the original sources of 
information; but I have also derived much assistance 
from the Elements of Sir H. Davy, and Dr. Henry ; 
from the Systems of M. Thenard, and the late Dr. 
Murray ; and from the System and First Principles 
of Dr. Thomson. I should also add, that the mate- 
rials of the Small Treatise, published about eighteen 
months ago, on the Laws of Combination and the 
Atomic Theory, are, with slight modifications, incor- 
porated in the present Volume. 

This Treatise, however, is not to be viewed in the 
light of a mere compilation. In the purely practical 
parts of the Work, for example, in describing pro- 
cesses, in giving the tests for demonstrating the pre- 
sence of substances, and in explaining the rules for 
conducting Chemical Analysis, I have in general 
merely stated in writing what I am in the habit of 
practising in the Laboratory. It is likewise proper to 
mention, that, in detailing the experimental results 
obtained by other Chemists, I have in many instances 
verified them by my own observation; and when treat- 
ing of the obscure or disputed parts of the Science, I 
have taken pains to render the former clear, and to 
distinguish in the latter what is ascertained, from what 
is still undetermined. 


Epinsurau, Feb. 1, 1827, 
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Marerran substances are’ endowed with two: kinds of pro~ 
perties, physical and chemical; and the study of the pheno- 
mena occasioned by them has given rise to two correspond- 
ing branches of knowledge, sie Philosophy and ee 
mistry. 

The physic) properties are either general or pin eis 
The first are so called because they are common to all bodies;) 
the latter from being observable in some substances only.: 
Among the first are commonly ranked extension, impene- 
trability, mobility, extreme CEvTBaEANY gravitation, and poro= 
sity. : 
Extension is the property of occupying a certain portion of 
space. A substance is said to be extended when it possesses 
length, breadth, and thickness. By impenetrability is meant 
that no two portions of matter can occupy the same space at 
the same moment. » Every thing that’ ir igati extension and 
impenetrability is matter. 

Matter, though susceptible of motion, tiie no power eithieid 
to move itself, or arrest its progress when an impulse is once 
communicated to'ity This indifference to rest or motion has 
been expressed’ by the term vis inertia, as if it depended on 
some specific force resident ‘in matter; but it may with 
greater propriety be regarded as a negative character, in 
consequence of which matter is wholly given up to the oper- 
ation of the various forces which are constantly onan apes 
it. 

Matter is divisible to an extreme degree of sihihuteniOit 
A grain of gold. may be beaten out into so fine a leaf as to 


cover 50 square inches of surface, and contain two millions 
! | B 
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of visible points ; and yet the gold which covers the silver 
wire, used in making gold lace, is spread over a surface 
twelve times as great. (Nicholson’s Introduction to Natural 
Philosophy, vol. 1.) 

All bodies descend in straight lines towards the centre of 
the earth when left at liberty at a distance from its surface. 
The power which produces this effect is termed gravity, the 
attraction of gravitation, or terrestrial attraction; and the 
force required to separate a body from the surface of the earth, 
or prevent it from descending towards it, is called its weight. 
Every particle of matter is equally affected by gravity ; and 
therefore the weight of any body will be proportional to the 
number of ponderable particles: which it contains. 

- The minute particles of which bodies consist are anal 
in such a manner as to leave certain intervals or spaces be- 
tween them, an arrangement which is called porosity. These 
interstices can sometimes be seen by the naked eye, and fre- 
quently by the aid of glasses. But were they wholly invi- 
sible, it would still be certain that they exist. All substances, 
even the most compact, may be diminished in bulk either: by 
mechanical force or a reduction of temperature... It hence 
follows that their particles must touch each other at a very: 
few points only, if at all; for if their contact was so perfect 
as to leave no interstitial spaces, then would it be. impossible: 
to diminish the dimensions of a body, because matter is in- 
compressible and cannot yield. 

The secondary properties of matter are opacity, transpa- 
rency, softness, hardness, elasticity, colour, density, so- 
lidity, fluidity, and the like. The condition of. bodies 
with respect to. several of these properties seems dependant 
on the operation of two opposite forees—cohesion and:repul- 
sion. ‘To understand how the particles of a body can at- 
tach themselves to one another and form a whole, we must: 
suppose them endowed with a power of reciprocal attrac- 
tion, ‘This force is called cohesion, cohesive attraction, or 
the attraction of aggregation, in order to distinguish. it 
from terrestrial attraction. Gravity is exerted between 
different masses. of matter, and acts at sensible and fre- 
quently. at very great distances; while cohesion’ exerts  it& 
influence only at insensible and infinitely small. distances., 
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It’ enables similar molecules to cohere, and tends to keep them 
in that condition. It 1s best exemplified by the resistance 
which a hard body, as iron’ or marble, affords to. being: bro- 
ken by any external force. 

The tendency of cohesion is manifestly to bring ite ultiz 
mate particles of bodies into immediate contact; and such 
would be the result, were it‘not counteracted by an opposing 
force, a principle of repulsion, which prevents their approxi. 
mation. It isa general opinion among philosophers, support- 
ed by very strong facts, that this repulsion is owing to the 
agency of caloric, which is somehow attached to the elemett- 
tary molecules of matter, causing them to repel one another. 
Material substances are therefore subject to the action of two 
contrary and antagonizing forces, one tending to separate 
their particles, the other to bring them into closer proximity. 
The form of bodies, as to solidity and fluidity, is determined 
bythe relative intensity of these powers. Cohesion predo- 
minates in solids, in consequence of which: their particles 
are’ prevented from moving freely on one ‘another. | ‘The 
particles of a fluid, on the contrary, are far less influenced 
by cohesion, being free to move on each other without frie- 
tion. Fluids are of two kinds, elastic fluids or aeriform 
substances, and inelastic fluids or liquids. Cohesion seents 
wholly wanting in the former; they yield ‘readily to cont- 
pression, and expand when the pressure is removed ; indeed, 
the space they occupy is solely determined” by the’ force 
which compresses them. The latter; on the contrary,’ do not 
yield perceptibly to ordinary degrees’ of compression, nor 
does anappreciable dilatation ensue from the removal of 
‘pressure, the tendency of mere being counterbalanced) it in 
them by cohesion. | 

) Matter is subject to another kind of attraction different froth 
shite yet ‘mentioned,. termed cheniical attraction or affinity. 
‘Like cohesion it acts only at insensible distances, and thus 
differs entirely from gravity. It is distinguished from cohe- 
sion by being exerted between dissimilar particles only,’ while 
the attraction of cohesion unites similar particles. Thus, a 
piece of marble is an aggregate of smaller portions of mat. 
‘ble attached to one’another ‘by cohesion, and the parts so at. 
tached are called integrant particles; each of which, however 


4, INTRODUCTION, 


minute, is as perfect marble as the mass itself. But the inte- 
grant particles consist of two, substances, lime and carbonic 
acid, which are different from) one another as well as from 
marble, and are united by chemical attraction. They are 
the; component <or constituent parts. of marble. The inte- 
grant particles of a body are therefore aggregated together by 
cohesion ; the component parts are united by affinity. 

The chemical properties of bodies are:owing to affinity, 
and every chemical phenomenon is produced. by the  opera- 
tion of this principle. Though it éxtends its influence over all 
substances, yet it affects them in very different degrees, and 
is subject to peculiar modifications. _ Of three bodies, A, B, 
and C, it is often found that B and C:evince no affinity for 
one another, and therefore do not combine; that A, on the con- 

‘trary, has an affinity for B and C, and can enter into sepa- 
rate combination with each of them; but that A has a great- 
er attraction for C than for B, so that if we bring C in con- 
tact witha compound of A and B, A will quit Band unite 
‘by preference with C. , The union of two substances is call- 
ed combination ; and its result is the formation of a new body 
endowed with properties peculiar to itself, and different from 
those of its constituents. The change is frequently attend- 
ed by the destruction of a previously existing compound, and 
in that case decomposition is said to be effected. 

The operation of chemical attraction, as thus explained, 
obviously lays open a wide and interesting field of inquiry. 
‘One may study, for example, the affinity existing between dif- 
ferent substances; an attempt may. be made to discover 
‘the proportion in which they unite; and finally, after collect- 
ing and arranging an extensive series of insulated facts, ge- 
neral conclusions may be deduced from them. | Hence che- 
mistry may be defined the science, the object’.of which is to 
examine.the relations that affinity establishes between bodies, 
ascertain with precision the nature and constitution of the 
compounds it produnesi and determine the laws by which its 
action is regulated. . . 

Material sabaiaitbas are divided by the chemist sil heads 
and compound. He regards those bodies as compound which 
can be resolved into two or more-parts, and, those as. simple 
or elementary, ‘which contain but one kind of. ponderable 
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matter. - The number of the latter amounts only to fifty-one ; 
and of these all the bodies in.the earth, as far as our knowledge 
extends, are composed. ‘The list, a few years ago, was some- 
what different from what it is at present; for the acquisition | 
of improved methods of analysis has, enabled, chemists. to 
demonstrate that some substances, which were once supposed 
to be simple, are in reality compound ; -and it is probable 
that the same will hereafter be proved of some. of thee, 
which are at present regarded as simple. | . 
|The composition of a body may be determined in two 
‘eee analytically or synthetically. By the first method, the 
elements of a compound are separated from one another, as 
when water is resolved by the agency of galvanism into oxy- 
gen and hydrogen ; by the second, they are’ made to com~ 
bine; as. when oxygen and hydrogen unite by the electric 
spark,-and generate a portion of water. Each of these kinds 
of proof is satisfactory ; but when they are conjoined, —when 
we first resolve a particle of water into its elements, and then 
reproduce it by! causing them to unite, the evidence 1s quite 
irresistible, Bia ih: nontaiaelye 
L have followed, in the composition of ‘this Treatise, the 

same general.arrangement which I adopt in my lectures.» It 
is: divided into hone principal parts. In the first, I shall treat 
of the Imponderables,—agents of so diffusible and subtftea 
nature, that the common atiaibintés of matter cannot be: per- 
ceived: in. them. They are altogether destitute of weights 
at least, if they possess any, it cannot be discovered by our 
most. delicate balances. They cannot be confined and: ex- 
hibited in mass like ordinary bodies; they can be-collected 
only through ‘the intervention of other substances. » ‘Their 
title to be considered material is therefore questionable, ‘and 
the effects produced by them have accordingly been attribut- 
ed by some. to certain motions or affections of common matter. 
It must be admitted, however, that they appear to be subject 
to the same’ powers that act on matter in general, and that 
some of the laws which have been determined concerning them; 
are exactly such as might have been anticipated on the sup- 
position of theirymateriality.. It hence follows, that we need 
only regard them as subtile species of’ matter, in order that - 
the phenomena to which they give rise may be explained in the 
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language, and according to the principles which are applied 
to material substances in general ; and T shall therefore con- 
“i them such in my subsequent remarks. 

~The second part comprises Inorganic Chemistry. It in- 
ea dee the doctrine of affinity, and the laws of combina- 
tion, together with the chemical history of all the elementary 
principles hitherto discovered, and of those compound bodies 
which are not the product of. organization. \ The. elemen- 
tary bodies are divided into the non-metallic and metallic; 
and the substances contained in each division are treated in 
the order which, it is conceived, will be most convenient for 
the purposes of teaching. From the important part which 
oxygen plays in the economy of nature, it is necessary to be- 
gin with the description of that principle; and from the 
tendency it has to unite with other bodies, as well as the im- 
portance of the compounds it forms with them, it will be 
useful, in studying the history of each elementary body, to 
describe the combinations into which it enters with oxygen 
gas. The remaining compounds which the non-metallic 
substances form with one another, will next be considered. 
The description of the individual metals will be accompanied 
by a-history of their combinations, first with the simple non- 
metallic bodies, and afterwards with one another. The stu- 
dent will thus be prepared for the study of the salts. This 
arrangement is recommended by its simplicity and conve: 
nience, and by not being founded on any particular theory. 
I have deviated from the usual practice of dividing elemen- 
tary substances into supporters of combustion and combus- 
tibles, or into electro-negative and electro-positive bodies ; 
and my reasons for doing so are, that I have been unable ei: 
ther to convince myself that an arrangement founded on these 
principles is free from objection in theory, or to ds 
its advantage in facilitating the study of the science. 

The third general division of the work is on Organic 
Chemistry, a subject which will be conveniently discussed 
under two heads, the one comprehending the ae - 
vegetable, the other of animal life. | 

The fourth part contains brief. directions for the perform. 
ance of analysis) 5 © . 039'I | 
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Tur term Heat, in common language, has two meanings : 
in the one case, it implies the sensation we experience on 
touching a hot body; im the other, ‘it expresses the causé 
of that sensation. As this vagueness of expression is ill 
suited to the purposes of science, it has been proposed to em- 
ploy the word Caloric to signify the principle of heat, and 
the employment of it has now become general. 

Caloric, on the supposition of its being material, is a subtile 
fluid, the particles of which repel one another, and are at- 
tracted by all other substances. It is imponderable ; that is, 
it is so exceedingly light that a body undergoes no appre- 
ciable change of weight, either by the addition or abstraction 
of caloric. It is present in all bodies, and cannot be wholly 
separated from them. For if we take any substance what- 
ever, at any temperature, however low, and transfer it into 
an atmosphere, whose temperature is still lower, a thermome- 
ter will indicate that caloric is escaping from it. That its 
particles repel one another, is proved by observing that it 
flies off from a heated body ; and that it is attracted by other 
substances, is equally manifest from the tendency it has to 
penetrate their particles, and be retained by them. 
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Caloric may be transferred from one body to another. 
Thus, if a cup of mercury at 60° be plunged into hot water, 
caloric passes rapidly from one into the other, until the 
temperature in both is the same; that is, till a thermometer 
placed in each of them stands at the same height. All bodies 
on the earth are constantly tending to attain an equality, or 
what is technically called an equilibrium of temperature. If, 
for example, anumber of substances, different in temperature, 
be enclosed in an apartment, in which there is no actual 
source of caloric, they will very soon acquire an equilibrium, 
so that a thermometer will stand at the same point in all of 
them. The varying sensations of heat and cold, which we 
experience, are owing to a like cause. On touching a hot 
body, caloric passes from it into the hand, and excites the 
feeling of warmth; when we touch a cold body, caloric is 
eeiiiicaten to it from the hand, and thus produces the 
sensation of cold. 

As the transportation of caloric is constantly going forward, 
it is important to determine by what means, and according to 
what Jaws the equilibrium is established. , When any sub- 
stance is brought into contact with another, which differs 
from it in temperature,—if, for example, a cold bar of iron be 
thrust among glowing embers, or.a hot ball of the same 
metal be plunged into a basin of cold water,—the excess of 
caloric in the hot body passes rapidly to the particles. on the 
surface of the other; from them it is transferred to. those 
situated more inter ae and so forth, till the bar in the one 
case, and the ball in the other arrive at the same temperature 
as the einbers or the water with which, they are in contact. 
In such instances, caloric is said to pass by communication, 
or to be communicated from one body.to another ; and in its, 
passage through any one of those bodies, it is said to be con- 
ducted by them. | 

But when a heated substance is placed chdan such. cir- 
cumstances as to preclude the possibility. of its caloric being. 
communicated,—for instance, when a, glass globe fulljof hot 
water is suspended i in the vacuum of an air-pump,—the, excess. 
of its caloric still passes away, and in a very short,timeat wall 
have acquired. the temperature of the surrounding objects. 
It must then be capable of passing from one body to another 
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situated at a sensible ‘distance ; it is projected as it were from 
one to'the other. » In order that its passage should take place 
in this manner, it is not necessary that the body should be in 
vacuo; it passes with equal facility eran the air as through 
a vacuum. 

It follows, vassaite that in establishing an equilibrium of 
temperature, caloric is distributed among the surrounding 
objects in two ways; partly through the means of intermedi. 
ate bodies; or by communication, partly in consequence of an 
interchange established from a distance, or by radiation. 
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» Caloric passes through bodies with different degrees of ve« 
locity... Some substances oppose.very little impediment to its 
passage, while it is transmitted slowly by others. | Daily ex- 
perience teaches, that though we cannot leave one end of a rod 
of iron for some time in the fire, and then touch its free extre- 
mity, without danger ‘of being burnt; yet this may be done 
with perfect safety with a.rod of glass or of wood. The:caloric 
will speedily traverse the iron bar, so that at the distance of 
a foot from the fire, it is impossible to support its heat ; while 
we may hold a piece of red ‘hot glass two or three inches from 
its extremity, or keep a piece of burning charcoal in. the 
hand, though the part in combustion is only a few lines re- 
moved from the skin: The observation of these and similar 
facts, has led ‘to'a division of bodies into conductors and non- 
conductors of caloric. -The former division, of course, in- 
eludes those:bodies which allow caloric to pass freely through 
their substance, such as metals; ‘and the latter’ comprises 
those which do not give an‘easy peeage to it, such’ as Romany 
glass, wood and charcoal. of 

Various ‘methods Have been adopted: for determining 
the relative conducting ‘power of different substances. ©'The 
most convenient 1s that»of Ingenhouz..* He covered little 
rods of the same form, size, and«length,. but of different 
materials, with a oem of _— plunged their —— into 
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heated oil, and noted to what distance the wax was melted on 
each during the same interval. The metals were found, by 
this method, to conduct caloric better than any other sub- 
stances; and of the metals, silver is the best: conductor; 
gold comes next, then tin and copper, which are nearly 
— then iron, platinum and lead. 

An ingenious plan was adopted by Count a puaiiedh ad for 
ascertaining the relative conducting powers of the different 
materials employed for clothing. He enveloped:a thermome- 
ter in a glass cylinder blown into-a ball at its extremity, and 
filled the interstices with the substance to be examined. 
Having heated the apparatus to the same temperature in 
every instance by immersing it in boiling water, he transfer- 
red it into melting ice, and observed carefully the number 
of seconds which elapsed during the passage of the thermo- 
meter through 135 degrees. When there was air between 
the thermometer and cylinder, the cooling took place in 576 
seconds; when the interstice was filled with fine lint, it took 
place in 1032”; with cotton wool in 1046”; with sheep's 
wool in 1118”; with raw silk m 1284”; with beaver’s fur in 
1296”; with eider down in 1305” ;. and with hare’s fur in 
1315". The general practice of mankind 1s therefore fully 
justified by experiment. In winter we retain the animal heat 
as much as possible by covering the body with bad conduc- 
tors, as silk or woollen stuffs; in summer we have recourse 
to cotton or linen articles with an opposite intention. 

A variety of familiar phenomena arise from the difference 
of conducting powers; thus, if a piece of iron and of glass 
be heated to the same degree, the sensation they communis 
cate to the hand is very different; the iron will give the sen- 
sation of burning, while the glass feels but moderately warm. 
The quantity of caloric, which in a given time may be brought 
to the surface of the heated body, so as to pass nto the skin, 
is much greater in the iron than in the glass, and therefore 
in the former case the sensations must be more acute. This 
proves that our sense of touch is a very fallacious test of 
heat and cold; and hence, when we apply the hand to 
various objects in our apartment, we are very apt to form 
wrong notions of their temperature. ‘The carpet will feel 
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wearly as warm as our body; our book will feel cool, the 
table cold, the marble chimney-piece colder, and the candle- 
stick..colder still; yet, a thetmometer ,applied to them will 
stand’ in all.at exactly the same’ elevation.» They: are all 
colder than. the hand; but ’those that carry away caloric 
most rapidly, excite the strongest sensations of cold. . 

| The conducting power of solid bodies does not seem to be 
related to any of the other properties of matter ; but it ap- 
proaches nearer to the ratio of their densities than to that of 
any other property... Count Rumford ,found a considerable 
difference in the conducting power even of the same material, 
according to the state in which it was employed. His.ob- 
servations seem to warrant the conclusion, that in the same 
substance the conducting power increases with the ethene 
ness of structure. 

_) Liquids. may be said, in one sense of ms word, Jtowhaia the 
power of communicating caloric. with great rapidity, and yet 
they are very imperfect conductors. .'The:transmission of cas 
loric from particle to particle does in reality take place very 
slowly ; but in consequence of the mobility of thei particles 
upon each other, there are peculiar internal movements, which; 
under.certain circumstances, may be occasioned in them by 
the application of heat, and. which do more than compensate 
for the imperfect ieee tits power with which they are anny 
endowed. 

When certain particles of a liquid are beg peice by hint, 
esi become specifically lighter than. those: which have not 
yet received an increase of temperature ; and consequently, 
according to a well-known law in physics, they must rise to- 
wards the upper surface of the liquid, while their place is 
supplied by the adjoining particles, which are colder 
and denser, and therefore disposed to descend. It follows 
that if heat be applied to the bottom of a vessel containing 
any liquid, a double set of currents must be immediately es- 
tablished, the one of hot particles rising towards the surface, 
and the other of colder particles descending to the bottom. 
Now, these currents take place with such rapidity, that if a 
thermometer be placed at the bottom, and another at the top 
of a long jar, the heat. being applied below, the upper one 
will begin to rise almost as soon as the lower. Hence, under 
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certain circumstances, caloric is apie communicated throug 
fluids. 

But if, instead of applying heat to the bottom of the jar,’ 
the caloric is made to enter by the upper surface, very different 
phenomena will be observed. ‘The intestine movements can- 
not now be formed, because the heated particles have a ten- 
dency to remain constantly at the top ; the heat can descend 
through the fluid only by transmission from particle to particle; 
a process which takes place so very tardily, as to have induced’ 
Count Rumford to deny that water could conduct at all. 
In this he was ‘mistaken; for the opposite opinion has been 
successfully supported by Dr. Hope, Dr. Thomson, and the 
late Dr. Murray, though they all admit that water, and liquids 
in general, mercury excepted, possess the power of conduct~ 
ing caloric in a very slight degree. 

Itis very difficult to estimate the conducting power of aeri- 
form fluids. ‘Their particles’ move so freely on each other, 
that the moment a particle is dilated by heat, it is pressed 
upwards with ‘great velocity by the descent of colder and 
heavier particles, so that an ascending and descending cur- 
rent is instantly established. Besides, these bodies allow a 
passage through them by radiation. Now, the quantity of 
caloric which passes by these two channels isso much great- 
_ er than that which is conducted from particle to particle, that 
we possess no means of determining their proportion.’ It is 
certain, however, that the conducting power of gaseous fluids 
is exceedingly agrees probably even more so than that of 
ae | 7 
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WueEn the hand is placed beneath a hot body suspended in 
the air, a distinct sensation of warmth is: perceived, though 
from a considerable, distance. This effect does not’ arise 
from the caloric being conveyed by means of a hot current; for, 
all the heated particles have a uniform tendency to rise. Neis 
ther can. it depend; upon the. conducting power , of the air; 
since aerial substances possess that power in a very low des 
gree, while the sensation in the present case is» excited) al- 
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most on the instant... There is yet another mode by which 
‘caloric passes: from one body to another; and as it. takes 
place in all gases; and even in: vacuo, it:is inferred that. the 
presence of a medium, is not necessary to its passage... This 
mode of transmission is called: Radiation of Caloric, :and:the 
fluid.so transmitted: is called Radiant, or Radiated Caloric. 
We see, therefore, that.a heated body suspended in’ the ‘air 
cools, or is brought down to an: equilibrium with’ surround- 
ing bodies mm three ways ; first, by the conducting power of 
the: air, whose ‘influence: is very trifling ; secondly, by the 
mobility of the air in contact with it; and pene by radia- 
tion. 

Caloric is ensitiod fr om the Girhtte safe a er bédy equalty 
as all directions, and. in right ‘lines, like’ radii drawn’ from 
the centre to the circumference of a circle; so that a ther- 
mometer, placed at the same distance on any side, would 
stand at the same point, if the effect of the ascending current 
of hot air-could be averted. The calorific rays; thus distri- 
buted, pass freely through a vacuum: and the: air, without 
being arrested by the latter or in. any way affecting its tem- 
perature. When they fall upon the surface of a solid or li- 
quid substance; they are either reflected from it, and thus re- 
ceive a new direction, or they lose their radiant form altoge- 
ther, and are absorbed. In the latter case, the temperature 
of the receiving jn paeeign is ee in ov noaes it is 
unchanged. 

The absorption of Baitiaie caloric may be proved by phieiny 
a thermometer before the fire, or any other convenient source 
of heat, when the mercury will be seen to rise in’ the stem. 
It has been ascertained by accurate experiment, and may be 
demonstrated mathematically, that the intensity of effect di+ 
minishes according to the squares of the distance from the 
radiating ‘point. » Thus, the thermometer will indicate four 
times less heat: at two inches, nine times less :at’three inches} 
and sixteen times less at four inches, than it did when it: was 
we one inch from ‘the heated substance. Yat ette ts 

» ‘The existence of a:reflecting power may be str in a fas 
ealaias manner, by standing at ee" side of a fire in such‘a pos 
sition that its heat cannot reach the face directly, and then 
placing a large plate of tinned iron opposite the grate, and at 
such an inclination as permits the observer to see in it the reflec- 
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tion of the fire;:as soon as it 1s brought to this inclination; a dise 
tinct impression of heat will:be perceived upon the face: If 
a line be drawn from the source of heat to the point of a plane 
surface from which it ts reflected, and a second line from that 
point to the spot where it produces its effect, the angles which 
these lines form with the reflecting plane are equal to each 
other, or, in philosophical language, the angle of incidence 
is equal to the angle of reflection. It 1s on account of 
this law that when a heated body is placed in the focus of a 
concave parabolic reflector, the diverging rays which strike 
upon it assume a parallel direction with respect to each other ; 
and when these parallel rays impinge upon a second concave 
reflector, standing opposite to the former, they are made to 
converge, so as to meet in its focus, where a great degree of 
heat is developed, This fact, as applied to the sun’s rays or 
red-hot bodies, has been long known. But it is a modern diss 
covery that caloric emanates in invisible rays, which are sub 
ject to the same laws of reflection as those that are accoms 
panied by light. The honour of establishing this fact by ex: 
periment is due to Messrs. Saussure and Pictet of Geneva} 
who first proved it of an iron ball heated so as not to be lus 
minous even in the dark, and afterwards of a vessel of boils 
ing water: but for a knowledge of the Jaws of radiation in 
general, we are indebted to the researches of Professor Senet) 
published in-his Essay on Heat. 

Mr. Leslie employed a hollow tin cube filled with’ hot 
water as the radiating substance. The rays proceeding 
from it were brought, by means of a concave mirror, ins 
to a focus, in ibd the bulb. of a differential thermome- 
ter was placed. He found that certain substances radiated 
heat much more rapidly than others, and that the nature of 
the surface of a heated body had a singular influence upon 
its radiation. By adapting thin plates of different metals to 
the sides of the tin cube, and: turning them successively tos 
wards the mirror, he found a very variable effect produced 
upon the thermometer. A bright smooth polished metallic 
surface radiated caloric very imperfectly; but if the surface was 
in the least degree dull or rough, the radiating power was 
immediately augmented. By covering the tin surface with a 
thin layer of isinglass, paper; wax, or resin, its power of ras 
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diation increased surprisingly.. Metallic: substances were obs 

served to be the worst possible radiators, particularly such as_ 
are susceptible of a high polish, as gold, silver, tin, and brass; 

but it is easy to make them radiate well by giving them the 

opposite properties, either by scratching their surface; or 

covering it with whiting, lamp-black, or any other convenient 

substance. It is commonly supposed that. black surfaces ra- 

diate better than white ones, but I am not acquainted with 

any conclusive experiments in proof of it. 

» Mr. Leslie next examined the power of different Shashi 
iteinion caloric, and he soon arrived at the interesting 
conclusion, that those surfaces which radiate least reflect most 
powerfully. A. polished plate of tin or brass is an excellent 
reflecting surface, but a bad radiating one; remove the polish 
in any way, and you injure its reflecting in the same propor- 
tion as you improve its radiating power. His experiments, 
indeed, justify the conclusion, that the faculty of radiation is, 
inversely as that of reflection. 

There.are only two modes by which calor ti rays, falling 
upon a solid opaque body, can dispose of themselves; they 
must either be reflected from it, or enter into its substance. 
In this case calorie is said to be absorbed. | Now, it is mani« 
fest that those rays which are reflected: cannot be absorbed 5: 
and. those which are not reflected, must be absorbed. - Hence: 
it follows that the absorption of caloric in the same body is; 
inversely as its reflection; and as the property of radiation is 
hkewise inversely as that of reflection, the power of radiating, 
and absorbing caloric must be proportional and equal. 

In speaking of radiant.caloric, it is necessary to distinguish! 
ealorific rays,accompanied by light from those which aré 
emitted by a non-luminous body, since their properties.are not: 
exactly similar. Thus, the absorption of luminous caloric: 
whether proceeding from the sun.or.a common fire, is very, 
much influenced by colour; it is. most considerable in black, 
and dark coloured surfaces, while it is much less in whité 
ones, The influence of colour, on the contrary, over the ab- 
sorption of non-luminous caloric is; exceedingly slight; it-re= 
mains to be proved, indeed, whether any effect can fairly be 
attributed to this cause... aid 

It may be asked, since radians. caloric passes withbnté in. 
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terruption through the air, whether it can pass ina similar 
manner through solid transparent media, vas glass ‘or rock~ 
erystal. The only point of view under which this subject 
ean be considered at present, is with respect to radiant calorie 
emitted by a warm, body which is not, luminous, ; When a 
piece of clear glass\is placed between such aibody anda ther- 
mometer, the latter is not nearly so much affected as it would 
be were no screen interposed; and the glass itself becomes 
warm, These facts prove that at least:the greater part of the 
calorific rays is intercepted by ‘the glass. But the thermo- 

meter is affected to a certain degree; and the» question ‘is, 
by what means do the rays reach it? Professor Leslie con- 
tends that all the rays which fall upon the glass are absorbed: 
by it, pass through its substance by its conducting power; 
and are then radiated from the other side of the glass to- 
wards the thermometer, an opinion which Dr. Brewster has 

ably supported by an argument suggested by his optical re~ 
searches. (Phil. Trans. for 1816, p. 106.) .'The experiments 
of Delaroche, on the contrary, (Biot. Tr. de Ph. v. 4.) lead 

to the conclusion’that glass does transmit some calorific raysy. 
the number of which, in relation to the quantity absorbed, ‘is 
greater as the intensity of the heat increases ; and the general 
result obtained by that philosopher agrees with some experi- 
ments which Dr. Christison and I performed about two years 
ago on the same subject. | 

. The facts that have been determined concerning the laws 

of radiant caloric have given rise to two ingenious modes of 
accounting for the tendency of. bodies to acquire an equili- 

brium of temperature. This takes place, according to M. 

Pictet, in consequence of the hot body giving calorific rays to 
the surrounding colder ones till an equilibrium is established, 
at which moment the radiation ceases. M. Prevost, on the 
contrary, contends that radiation goes on at all times, and ~ 
from all: bodies, whether their temperature is the same or dif= 
ferent from those that surround them. According to this: 
view, the temperature of a body falls whenever it radiates) 
more caloric than it: absorbs; its temperature is stationary: 
when the quantities emitted and received are equal; and it 
becomes warm when the absorption exceeds the radiations 
A hot body, surrounded by others colder than itself, is ‘an ex- 
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ample of the first case ;:the’second happens. whenmalt the: subs 
stances ‘which ‘are ‘near one‘another: have: the same tempera- 
ture; ‘andthe third occurs pana a cone i aeiss is brought, anto 
a warm’ room, 

» Though ‘neither: off these: theobies!l has bid 2 ii to; bie 
true; and both of them have the merit’ of’ accounting for the 
phenomena of radiation; the preference is commonly givencta 
the last. ‘The theory of °M: Prevost is, indeed; more proba 
ble than that of M. Pictet. ‘The chief argument in »its»-fa- 
vour’is drawn’ from ‘the close analogy bietteaom the’ laws: of 
lightand ‘caloric.’ “Luminous bodies certainly exchange rays 
with’one! ‘another: a less intense light sends rays:to one of 
greater intensity ;"and hence it may be inferred that an ins 
terchange of calorific rays takes place in a.similar «manner. 
Under this point of view, it is difficult to conceive how the 
radiation of one body should be influenced by the presence 
of another at a considerable distance from it. 

This ingenious theory applies equally well to the experi- 
ments with the conjugate mirrors,’ as to. the phenomena of or- 
dimary radiation. If a’ metallic ball in the focus ‘of one mir: 
rory anda thermometer in that of the other, are both of the 
same temperature as ‘the’ surrounding objects, (say at 60°F.) 
the»thermometer remains? stationary. It ‘does: indeed receive 
rays ‘from ‘the ‘ball; but its temperature’ is ‘not ‘affected*by 
them, because it gives back'an ‘equal nuinber'in returns If 
the:ball*is: above 60° F. ‘the thermometer? begins’ to rise, ‘be- 
cause‘it now receives a greater nuinber ‘of rays than it gives 
out. If, on the contrary,: the’ball'is® below 60° F. ‘then the 
thermometer, being the warmer of the two bodies, emits 
more rays than it receives, and its temperature falls. 

The same mode of reasoning accounts very happily for an 
experiment made by M. Pictet, the result ‘of which at first 
appeared quite anomalous.’ ‘He placed: a’ piece:of ice instead 
of the! metallic ballin’ the focus of ‘his'mirror, and observed 
that the’ thermometer i in the opposite focus: immediately des 
scended, but rose’ again ‘as'soon as the ice was removed. )° On 
replacing the ice in the focus, the thermometer again fell; 
and reascended ‘when it was withdrawn. It was supposed: by 
some philosophers that this experiment proved the existence 
of ‘frigorific rays, whose-property was to communicate cold- 

c 
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ness; whereas, all the preceding remarks are made on the 
supposition that cold is merely a negative quality arising from 
the diminution of caloric. If, indeed, the result of M.: Pic- 
tet’s experiment could not be explained on the latter suppo- 
sition, we should be obliged to adopt the former; but as we 
are not driven to that alternative, it 1s nowise necessary to 
modify our views. In fact, as the thermometer gives more 
rays to the ice than it receives in return, it must necessarily 
become colder. It rises again when the ice is removed, be- 
cause it then receives a number of calorific rays proceeding 
from the warmer surrounding objects, which were intercepted 
by the ice while it was in the focus. Whence it appears 
that the result of this experiment flows naturally out of M. 
Prevost’s theory. 


EFFECTS OF CALORIC, 


The phenomena which accompany the passage of caloric 
into substances, are expansion, liquefaction, vaporization, 
incandescence and combustion; those that attend its escape 
from them are contraction, solidification of fluids, and con- 
densation of vapour. But as these last are simply the con- 
verse of the former, all the effects of caloric upon matter may 
be arranged under the five heads which have been just, men- 
tioned. Incandescence and combustion will not however be 
considered at present, as it will be more convenient to treat 
of them in other parts of the work. 


EXPANSION. 


One of the most remarkable properties of caloric is the 
repulsion which exists among its particles; hence it hap- 
pens, that when this principle enters into a hody, its first 
effect is to remove the integrant molecules of the substance 
to a greater distance from one another. The body therefore 
becomes less compact than before, occupies a greater space, 
or, in other words, expands. Now this effect of caloric is 
manifestly in opposition to eohesion—that force which tends 
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to’ approximate the particles of) matter, and which must. ber 
overcome before any expansion can ensue: One would expect, 
therefore, that a small addition of caloric would: occasion ai 
small expansion, and a greater addition of caloric a greater! 
expansion ; because in the last ease, the cohesion would: be. 
more overcome than in the former. It may be anticipated, 
also, that whenever caloric. passes: out of a body, the cohe= 

‘sion being now left to: act freely, a contraction will neces~ 
sarily follow; so that expansion is only a transient effect, 
occasioned solely by the accumulation of caloric. -It follows,’ 
moreover, from this view, that caloric must produce the 
greatest expansion in those bodies, whose cohesive power is 
least; and the inference is fully justified by. observation. 
Thus. the. force of cohesion is greatest in solids, less m liquids,; 
and. least of all in aeriform substances; the expansion: of 
solids is trifling, that of liquids much more considerable, 
and that of elastic fluids far greater. | 

It may be laid down as a rule, the reason of which is now: 
diidag that all bodies are expanded by caloric, and thatthe: 
expansion of the same body increases with the quantity of 
ealoric which enters it. But this law is a general one,’ only 
so long as the body under examination suffers no change | in 
form or composition. If the caloric should produce one or 
both of these effects, then the reverse of’ expansion may en 
sue; not, however, as the direct consequence of an augment 
ed temperature, but as: the result of a change in form or 
composition. : 

In proof of the expansion of solids, we we" en take the 
exact dimensions in length, breadth, and thickness of any 
substance when cold, and measure it again while strongly 

heated, when it will be found to have penne in every di- 
rection. A familiar demonstration of the fact may be afford- 
ed by adapting a ring to an iron rod, the former being just 
large enough to permit the latter to pass through it while 
cold. The rod is next heated, and will then no longer pass 
through the ring. This‘dilatation from heat and consequent 
contraction in cooling takes place with a force which appears 
to be irresistible. © 

The expansion of solids has’ eiighineld the attention of seve- 
ral experimenters, whose’ efforts ea be beeri chiefly directed to- 
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wards ascertaining the exact quantity by which different sub- 
stances are lengthened by a given increase of heat; and de- 
termining whether or not their expansion is equable at dif 
ferent temperatures. The Philosophical: Transactions of: 
London contain various. dissertations: on the subject by 
Ellicot, Smeaton, Troughton, and ‘General Roy; and M.: 
Biot in his Traité de Physique,: vol..i. has given the. re- 
sults of experiments performed: with great care by Lavoi- 
sier and Laplace. Their experiments’ establish the follow- 
ing points: 1. Different solids do not expand to the same:de~ - 
gree from equal additions of caloric. 2. A body which has: 
been heated from the temperature of freezing to that of 
boiling water, and again allowed to cool to 32° F. recovers 
precisely the same volume which it possessed at first... 3. The 
dilatation of the more permanent: or infusible: solids is very 
uniform» within:certain limits; their expansion, for example, 
from the freezing point of water to 122° .F., is equal to what 
takes « place’ betwixt ©122° and 212°... ‘The subsequent: re- 
searches of Dulong:and Petit, (Annales de\Ch. et de Ph. vol. 
vii.) prove that solids do not: dilate uniformly ‘at high tem- | 
peratures, but expand in an increasing ratio;: that’ is, the 
higher the temperature beyond 212° F.: the greater the’ex- 
pansion for equal additions of caloric. It:is manifest; indeed, 
from their experiments, that the rate of expansion is an in- 
creasing one even between 32° and 212°: but the: differences 
which exist within» this.small range are’so inconsiderable as 
to escape observation, and therefore for all practical pur- 
poses may be disregarded. 

The subjoined table includes the most interesting results 
of Lavoisier and ‘Laplace. . (Biot; vol.i. p. 158.) “0% 


‘ | ; Elongation when heated 
Names of Substances. . from 32 to 212°. 
Glass tube without lead, a mean of three 


specimens e 


1_ of its length. 


4 } 111 

English flint glass e "i : J 
; 1248 
Copper ; , , F , re 
581 
Brass—mean of two specimens 5 =" 
$358 
Soft iron Jorged Tray? ‘ 1 
Tron wire Log 


——y 
° . . 
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” ‘Names of ‘Substances. A spite mee etary em eed 


‘Untempered steel : R . x35 ofits S length. 
‘Tempered steel . .. : : <i 

Lead. ; , . : 1 POT ERS 

Tin of India s : : . sy 

‘Tin of Falmouth . ; a ee aa3 

Silver. . ; ; , ; saF 
Gold—mean of three specimens;, be oe 

Platinum, determined by Borda SILL, 


«9! Knowing the elongation of any substance for a given num- 

ber of degrees of the thermometer, it is easy to calculate its 
total:increase in bulk, by trebling the number which expresses 
its a in length. . Thus if a tube of flint glass elongates 
by =1,, when heated from the freezing ta the a Ps of 
water, its cubic space will have increased by —*— or —1- om! its 
former capacity: 

The simplest method iis proving’ the expansion of) figuids 
is by putting a common thermometer, made with mercury or 
alcohol, into warm water, when the dilatation of the liquid 
will be shown by its ascent in the stem. ‘The experiment 
is indeed illustrative of two other facts. | It proves, first, that 
the dilatation is in proportion to the temperature ; for if the 
thermometer is plunged into several portions of water heated 
to different degrees, the ascent will be greatest in the hottest 
water, and least in) the coolest ‘portions. It demonstrates, 
secondly, that liquids expand more than solids. The glass 
bulb of the thermometer is itself expanded by the hot water, 
and. therefore is enabled to contain’ more mercury than be- 
fore; but the mercury being dilated to a much greater ex- 
tent, not only occupies the additional space in the bulb, but 
likewise-rises’in the stem. Its ascent marks the difference 
between its own dilatation and that of the glass, 

Different liquids do ‘not expand to the same degree from 
an equal.increase of temperature, Alcohol expands much 
more than water, and water than mercury. . From _the 
frequency with which the latter is employed in philosophical 
experiments it is important to know the exact amount of its 
expansion, According to the experiments of Lavoisier and 


29 CALORIC. 


Laplace, its dilatation, in passing from the freezing to the 
boiling point of water, amounts to °° of its volume ; but the 
result obtained by Dulong and Petit, ‘who foundit 222 , 18 pro- 
bably still nearer the truth. Adopting the last’ dtinuve, this 
metal dilates, for every degree of Fahrenheit’s thermometer, 
stvs of the bulk which it occupied at the temperature of 
32° F. If the barometer, for instance, stands at 30 inches 
when the thermometer is at 32° F. we may caleulate what its 
-elevation ought to be when the latter is at 60°, or at any 
other temperature.* | 
All experimenters agree that liquids expand in an increas- 
ing ratio, or that equal increments ‘of ‘caloric cause a greater 
dilatation at high than at low temperatures. ‘Thus, if a 
fluid is heated from 32° to 122° it will not expand so much 
as it would do in being heated from 122° to 212°, though an 
equal number of degreesis added in both cases. In mercury 
the first expansion, according to Deluc, is to the second 
as 14 to 15; in olive oil as 13-4 to 15; im alcohol as 
10:9 to 15; and in-pure water as 4°7 to 15, Attempts 
have been made to discover a general Jaw by which this pro- 
gression is regulated, and Mr. Dalton conceives that the ex- 
pansion observes the ratio of the square of the temperature 
estimated from the point of congelation, or of greatest den- 
sity ; but this opinion is merely hypothetical, and has been 
shown by Dulong and Petit to be inconsistent with the facts 
established by their experiments. 
There is a peculiarity in the effect of calorie upon the bulk 
of some fluids ; namely, that atia certain temperature an in- 


* The general formula is as follows: Let H be the height of the barome- 
ter when the thermometer is at 32° F. ; H’ its elevation at any temperature 
above 32°, and let T express the number of degrees of Fahrenheit’s thermos 


; : 7 . | T 
meter above that pomt. Then H’—H. ( +5595 ) 3 hence Ho!+ 


9990° 
99904T 
9990 — 


H’.9990 
F t 
9990 T" or H and T in the first for 


mula substitute their value, as stated in the text, and perform the calculation. 


9990 
H’ = 30. michal bot 5 084. 


H1’.9990—H.(9990+T); and H'=H.— ; or if His unknown, it may 


be calculated by the formula H=—— 


9990 - 


- 
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credsé of heat causes them to contract, and its.diminution, 
makes them expand. This singular exception to the general 
effect of caloric is only observable in those liquids which. ac- 
quire an increase of bulk in passing from. the liquid to the 
solid state, and is remarked only within a few degrees of tem- 
perature above their point of congelation. . Water is:a noted, 
example of it. Ice, asevery one knows, swims upon the sur- 
face of water, and therefore must be lighter than it, which is 
a convincing proof that water, at the moment of freezing, 
must expand. ‘I'he increase 1s estimated at about +',th of its 
volume. 

- The most remarkable éireximskarice attending this expan- 
sion, is the prodigious force with which it is effected. Mr., 
Boyle filled a brass tube, three inches in diameter, with wa- 
ter, and confined it by means of a moveable plug; the ex- 
pansion, when it froze, took place with such violence as. to. 
push out the plug, though preserved in its situation by a 
weight equal to 74 pounds. The Florentine academicians 
burst a hollow brass globe, whose cavity was only an inch in 
diameter, by freezing the water with which it was filled ; and 
it has been estimated that the expansive power necessary to. 
produce such an effect was equal to a pressure of 27,720, 
pounds weight. . 

But itis not merely during the act of congelation that wa- 
ter expands; for it begins to sitilate considerably before it ac-. 
tually freezes. Various philosophers have observed this fact, 
and it may be rendered, obvious to any one by the following 
experiment. Fill a flask, capable of holding three or four 
ounces, with water at the temperature of 60° F. and adapt a 
cork to it, through which: passes a glass tube open at both. 
ends, about the eighth of an inch wide, and ten inches long. 
After having filled the flask, imsert the cork and tube, and. 
pour a little water into the latter till the liquid rises to the 
middle of it. On immersing the flask into a mixture of. 
pounded ice and salt, the water will fall in the tube, marking 
contraction; but in a short time an opposite movement will 
be perceived, indicating that dilatation is taking place, while. 
the water within the flask is, at the same time, Yielding ca- 
loric to the freezing mixture on the outside of it. . 

. The inference deduced from this experiment was objected 
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to by +hesenee philosophers, on the veryobvious: ground that 
the ascent: of the water in: the tube did not arise: from» any 
expansion in the liquid itself, but from a‘contraction of /the 
-flask,° by which its’ capacity was diminished.» In. fact, this 
cause does operate to a certain extent, but it is by no means 
sufficient 'to'account - for ‘the whole effect ; and; accordingly, 
it‘has been proved by. an elegant and decisive experiment of 
Dr. Hope, that water does reallyexpand previous to congela- 
tion. He found ‘the greatest density of water to beiat 39 and 
a half or 40 degrees of Fahrenheit’s thermometer; that is, 
boiling water obeys the usual law till it has cooled to the tem-. 
perature ‘of 40° F. after which the abstraction of caloric pro- 
duces an increase instead: of a diminution of volume. 

-'The cause of the expansion of: water at the. momentyof. 
freezing is attributed to anew and peculiar arrangement of 
its particles. Ice isin reality crystallized water, and, during 
its formation, the particles:arrange themselves in ranks and 
més, which cross'each other at angles of 60° and 120°,: and 
consequently occupy more’ space ‘than when they were inva 
liquid state. : This may be seen by examining ‘the surface of 
water while freezing ma saucer. No very satisfactory reason 
can ‘be assigned for the expansion which takes place:previous 
to congelation. It is supposed, indeed, that .the water be- 
gins to arrange itself in the order it will assume in the’ solid 
state before actually laying aside the liquid form; and this 
explanation 1 is generally admitted, not so much because it has 
been proved to be true, but because no better one has been 
offered: 

’ Water is not the only liquid tiie expands: eae ba Bs 
tion’ of temperature, as it is observed. in a few others which 
assume a highly crystalline structure on becoming: solid ;— 
fused:iron, antimony, zinc, and bismuth, are examples of it: 
Mercury i is a remarkable instance of the reverse; for:;when 
it freezes, it suffers a brad great contraction. - 

_ As the particles of air and aeriform substances are not. held: 
heather by cohesion, it follows that.an increase of tempera- 
ture must occasion a considerable dilatation of them;: and, 
accordingly, they are found to dilate from equal additions of 
caloric much more ‘than ‘solids or liquids.. Now, chemists:are 
in the habit of estimating the quantity of the-gases they em- 


{ploy ‘in their’ experiments | by: measuring them, and ‘since the 
‘volume oceupied by any gas is. so much influenced: by: tem- 
“perature, it is essential ‘to: accuracy that a-due correction be | 
«made *for-'the variations arising from this cause; that we 
‘should’ know how much dilatation is produced by each degree 
-of the’ thermometer, whether the rate of expansion is: uniform 
‘at all’ na baal wii whether: bata ratio is the: same in all 
igen | . 
«Thissubject. teach Weel unéuecebefally Sieiaicath by se- 
-veral philosophers, who failed in their object:chiefly because 
‘they neglected the precaution of drying the gases upon which 
“they operated ;| but at last the law of: dilatation -was detected 
-by Dalton and Gay-Lussac nearly at the.same: time. . Mr. 
-Dalton’s ‘method of operating (Manchester Memoirs, vol. v.) 
-was exceedingly simple:/. He filled with dry: mercury. a gra- 
duated tube, closed at one end and carefully dried ; and then, 
plunging the open end of the tube into a mercurial trough, 
-introduced* a portion ‘of: dry air. into it. After, having 
‘marked ‘the’ bulk and temperature’ of the’ air, ‘he exposed 
‘it to a gradually increasing heat, the exact amount of which 
“was regulated by a thermometer, and observed the dilatation 
occasioned by each increase of temperature. The apparatus 
of M. Gay-Lussac (An. de Chimie, v. 43.) was the same in 
principle, but-more. complicated, .in; consequence of the. pre- 
cautions he took to avoid every possible source of fallacy. 
It.is proved by the researches. of these philosophers, that 
‘all'gases undergo: equal: expansions by the same addition of 
“caloric, supposing them placed under the same circumstances ; 
‘so that it is sufficient to ascertain the law of expansion ob- 
served by any one gas, in order. to, know the law for all. 
‘Now, it appears from the experiments of Gay-Lussac, that 
100 parts of air in being heated from 32° to 212° F. expand 
to 137.5 parts ; the increase of bulk for 180 degrees i is there- 
fore 37.5, from which it may be calculated that’a given quan- 
tity of dry air dilates to z}>th of the volume it ceaied at 
32°, for every degree of Fahrenheit’s thermometer. The re- 
‘sult of Dalton’s experiments corresponds vives nearly with the 
Soregoing. | 
‘This point’ being established, ‘it is easy to’ ascertain what 
volume any given quantity of gas should occupy at any given 
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temperature. Suppose a certain portion of gas occupies 20 


measures of a graduated tube at 32°, it may be desirable to 


‘determine what would be its bulk at 42°F, For every:de- 
gree of heat it has increased by z4,th of its original volume, 


and therefore, as there has been an accession of ten degrees, 
‘the 20: measures will have dilated by 4,%ths.. The expres- 
‘sion will therefore be: 20+ 20.4%5=20,416... It must not be 
forgotten that the volume which the gas occupies at 32° is.a 


necessary element iti all such: calculations. Thus, having 
-20.416 measures of gas at 42° F. the corresponding bulk for 
(52°F. could not be calculated by the formula 20.4164 


—/ 20.416.22,; the real expression is 20.416+20.9,%, because 


-the increase is only ,3°ths of the space occupied at 32°. F. 
‘which is 20 measures.* A similar remark, applies to the for- 


@-? 


-mula for estimating the effect of heat on the height of the ba-. 
‘rometer. 


* Very convenient general formule for such calculations: may be thus de- 
‘duced: Let P’ be the volume of gas at any temperature above 32°, 'T the 
number of degrees above that point, and P its volume at 32°. Then, 


Pp T | 
PP. (1+ 39) hence >= 1+ggq+ P-180=P,(4894T) 5 and P’aP. 

(480+T) 

~ 480 


P’.480 


-Orif Pis unknown, it may be calculated by the formula P=—-~—— 


4804+T" 

It frequently happens, in the employment of Fahrenheit’s thermometer, 
that when P’ for the above formula is known, it is not P itself which is wanted, 
but the volume of gas at some other temperature, as at 60° F. This value may 
be obtained without first calculating what P is. Let P’, for instance, be any 


‘known quantity of gas at a certain temperature; and let P” be the quantity 
‘sought at some other temperature, the degrees of which above 32° may be 


(480+T’) 


expressed by T’. Now P’= —__— .P;; but as Pis unknown, let its value 


430 


480+T’ 
‘be substituted according to the above formula. Tilas, ri( Se ae ) 


P’.480 spat - 4802.P/4+480.1".P” — P’. reyeven | 

feta od H which gives P’ = ~980°+-480.F = 7480(4804-T) 
P'(480+T’) | | 

~480+T 


Suppose, for example, a portion of gas occupies 100 divisions of a graduated 
tube at 48°F. how many will it fill at 60° F.? Here P’=100; T= 48—.32 or 


100 100x508 


16; T’=60-—32, or 28. The number sought, or the P’= 996 ——=102,42. 
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ON THE THERMOMETER, 


.. Tue influence of caloric over the bulk of bodies is better 
fitted for estimating a change in the quantity of that agent 
than any other of its properties; for substances not only ex- 
pand more and more as the temperature increases, but return 
exactly to their original volume when the heat is withdrawn. 
The first attempt to measure the intensity of heat on this 
principle was made by Sanctorius, an Italian philosopher, in 
the 17th century, who is therefore” considered to, be the.in- 
ventor of the thermometer. He employed a glass tube blown 
into a ball at one extremity and open at, the other. After 
expelling a small quantity of the air from the ball by heating 
it gently, the open erid-was dipped into a coloured liquid, a 
portion of which ascended in the tube as the air within the 
ball contracted. Any variation of temperature would cause 
the surface of the liquid to rise or fall in the stem according 
as the air within the ball was either contracted by cold or 
dilated by heat. Sanctorius’s thermometer was therefore made 
with air, a material peculiarly well adapted for the purpose, 
in reference to the uniformity of its expansion from equal in- 
crements of caloric.. But there are two strong objections to 
its employment. For, in the first place, its: dilatations and 
contractions are so great, that it will be inconvenient to mea- 
sure them when the change of temperature is considerable ; 
and, secondly, its bulk is influenced by pressure, so.that the 
instrument would be affected by variations of the barometer, 
though the temperature should, be quite stationary. 
_. For the reasons just stated, the’ common air thérmometer 
is rarely employed; but the modification of it, described by 
Professor Leslie in his Essay on Heat, under the name of the 
Differential Thermometer, is entirely free from the last ob- 
jection, and is admirably fitted for some special purposes, 
It consists of two thin glass balls joined together by a 
tube, bent twice at a right: angle, as represented by figure 
Ast. Both balls contain air, but the greater part of the 
tube is filled with sulphuric! acid coloured with carmine. It 
is obvious that this instrument cannot, be affected by any 
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change of temperature acting equally on both balls, for as 
long as the air within them expands or contracts to the same 
extent, the pressure’on the opposite surfaces of the liquid, and 
consequently its position, will continue unchanged. Hence 
the differential thermometer stands ‘at’ the same point; how- 
éver different may be the temperature of the medium. | But 
the slightest difference between the temperature of the two balls 
will instantly be detected, for the’elasticity of: the ‘air on’one 
side being now’greater than that on the other, the liquid will 
retreat towards the ball whose temperature is lowest. 

Solid substances are not. better suited to the construction 
of a thermometer than gases ; for while the expansion of the 
latter is too great,’ that of the former: is’ so small that it can- 
not be measured except by the adaptation of complicated 
inachinery. » Liquids which expand more than the one and 
less ‘than the other, are exempt’ from both extremes ; and, 
consequently, we must search ‘there for’ a material with 
which to construct a thermometer. ‘The principle of selec- 
tion is plain. “A material is required whose expansions: are 
uniform, and whose boiling and freezing points are very e+ 
mote’ from one another. Mercury fulfils these conditions 
better than any other liquid. “No fluid can support’a greater 
degree of ‘heat without ‘boiling than: mercury, and none, ex- 
cept alcohol and ether, ‘can endure a more: intense. cold with- 
out’ freezing. It has, besides, the additional advantage of 
being more sensible to the action of caloric than other liquids, 
while its dilatations between 32 and 212° are almost perfectly 
uniform. Strictly speaking, the same quantity of. caloric 
does occasion a greater dilatation at high than at low tem- 
peratures, so that, like other fluids, it expands in an ‘increas- 
ing’ ratio. But’ it is remarkable that this’ ratio, within ‘the | 
limits assigned, is’ exactly the same as that of glass 5 ; and 
therefore, if contained in a glass tube, the increasing expan- 
sion of the vessel compensates for that of the mercury. 

The first object in constructing a thermometer, is to select 
a tube with a very small bore, which ‘is of the same diameter 
through its whole length; and then, by melting the glass; to 
blow.a sinall ballat one end of it.: The’mercury 1s introduced 
by rarefying the air within the: ball, and’ then dipping the 
open end of the tube-into that liquid. As the air cools and 
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contracts, the mercury is forced up, entering the bulb to sup~ 
ply the-place of;'the air which; had been: expelled .from it... 
Only a part of the air, however, 1s removed by this. means ;- 
the remainder is driven out by the ebullition of. the mercury, 
Having thus contrived that the bulb. and. about one-third, 
of the tube should be full. of mercury, the next, step 1s. to 
seal the open end hermetically. » This is done by heating, the; 
bulb. till the mercury, rises very near the summit, and, then: 
suddenly. darting a fine-pointed flame from a blow-pipe across. 
the opening, so as to fuse the glass and, close. the, aperture. 
before the mercury has had time to recede from it. | 
- The construction of a thermometer is now so far complete 
that it. affords a. means of ascertaining the comparative tem-: 
perature of. bodies; » but; it is deficient in one essential point,: 
namely, the observations made with different instruments, 
cannot be compared. together... To effect this, the, thermo- 
meter must; be graduated, a process which consists, of two- 
parts.. The first and most important, is to obtain two fixed 
points which,shall be the same in -every thermometer.. The 
method now generally employed, for this purpose was origi- 
nally recommended by Sir Isaac Newton, and, is founded on 
the fact, that when a.thermometer is introduced. into ice that 
is dissolving, or into water-that is boiling, it constantly stands, 
at the, same elevations in all, countries, provided. there is a 
certain conformity .of. circumstances...The point of congela-. 
tion is easily. determined. ‘The instrument is tobe immersed, 
in snow or-pounded ice, which is Jiquefying in a moderately’ 
warm atmosphere, till the mercury becomes stationary., ‘To 
fix the boiling, point is.a more delicate operation, since. the 
temperature at which water, boils,is .affected by various. cir-. 
cumstances which will be more particularly mentioned. here- 
after. . It is sufficient to state the general directions at pre-, 
sent; that the water should be perfectly pure, free from any fo-! 
reign particles, and not above an inch in depth,—the ebullition; 
brisk, and conducted in a metallic vessel,—the, vapour be alx 
lowed..to. escape freely, —and the barometer stand at 30 inches. 
The,second.part,of the process of: graduation consists. in; 
dividing the interval.between. the freezing and. boiling points: 
of water, into any, number of. equal parts. or degrees, which, 
maybe, either marked/on the tube: itself, by means) of, a: dia- 
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mond, or first drawn upon‘a piece of paper, ivory or’ metal, 
and afterwards attached to the thermometer. The exact’ 
number of degrees into which the space is divided, is not 
very material, though it would be more convenient did all’ 
thermometers correspond in this respect. Unfortunately this 
is not the case. In Britain we use Fahrenheit’s scale, while 
the continental philosophers employ either the centigrade, or 
that of Réaumur. The centigrade is the most convenient 
in practice: its boiling point is 100, that of melting snow is’ 
the zero, or beginning of the scale, and the interval is divid-’ 
ed into 100 equal parts. ‘The interval in the scale of 
Réaumur is divided into 80 parts, and in that of Fahrenheit | 
into 180; but the zero of Fahrenheit is placed 32 below the’ 
temperature of melting snow, and on this account the point’ 
of ebullition is 212° F. 

It is easy to reduce the temperature wantin by one 
thermometer to that of another,. by knowing the’ relation‘ 
which exists between their degrees. Thus, 180 is to 100 
as 9 to 5, and to 80 as 9 to 4; so that nine degrees 
of Fahrenheit are equal to five of the centigrade, and 
four of Réaumur’s thermometer. Fahrenheit’s is therefore 
reduced to the centigrade scale, by multiplying by five, 
and dividing by nine, or to that of Réaumur, by multi- 
plying by 4 instead of five. Hither of these may be reduc-' 
ed to Fahrenheit by reversing the process ; the multiplier is’ 
nine in both cases, and the divisor four in the one and five’ 
in the other. But it must be remembered in these reductions, 
that the zero of Fahrenheit’s thermometer is 32 degrees 
lower than that of the centigrade or Réaumur, and a due 
allowance must be made for this circumstance. An example’ 
will best show how this is done. To reduce 212° F. to the’ 
centigrade, first abstract 32, which leaves 180 ; and this num-: 
ber multiplied by $, gives the corresponding expression in’ 
the centigrade scale. Or to reduce 100° C. to Fahrenheit, r 
eaclviply ‘by 3 $, and then add 32. 

The mercurial thermometer may be made to indicate tem- 
peratures which exceed 212°, or fall below zero, by continu- 
ing the degrees above and below those points. But as ‘mer- 
cury freezes at 40 degrees below zero, it cannot indicate tem~ 


peratures below that point ; and indeed the only liquid which! 
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can be used for such purposes is alcohol. Our means of es: 
timating high degrees of heat are as yet very unsatisfactory: 
Mercury is preferable to any other liquid; but even its indi- 
cations cannot be altogether relied on, because glass expands 
at temperatures beyond 212° F. in a more rapid ratio thar 
mercury ; and, therefore, from the proportionally greater ca- 
pacity of the bulb, the apparent expansion of the metal is 
considerably less than its actual dilatation. No liquid can be 
employed for temperatures which exceed 600° F. since all of 
them are then either dissipated in vapour, or decomposed. 

The instruments for measuring intense degrees of heat aré 
called pyrometers, and must be formed either of solid or | 
gaseous substances. ‘The former alone have been hitherto 
employed, though it is probable that. the latter, from the 
greater uniformity with which they expand, are better calcu: 
lated for the purpose. The pyrometer invented by Mr. 
Wedgewood is best known. It is founded on the property 
which clay possesses of contracting, when strongly heated, 
without returning to its former dimensions as it cools. | The 
earth alumina, whether prepared by common chemical pro- 
cesses, or found more or less pure in the earth as clay, is al- 
ways in a state of chemical combination with water. On_ 
heating it to redness, a part. of the water is expelled; but 
some remains, which requires a very strong heat before it is 
dissipated ; and in proportion as these last portions escape, the — 
earth contracts. ‘The contraction even continues after every 
trace of water has been removed, owing to a partial vitrifica- 
tion taking place, which tends to bring the particles of the 
clay into nearer proximity. The intensity of the heat may, 
therefore, in some measure be estimated by the: degre of 
contraction which it has occasioned. 

The apparatus consists of a metallic groove, 24 inches 
long, the sides of which converge, being half an inch wide 
above, and $-tenths» below. ‘The clay, well washed, is 
made up into little cubes. that fit the commencement of the 
groove, after having been heated. to redness; and their 
subsequent contraction by heat is determined by allowing 
them to slide from the top of the groove downwards, till they: 
arrive at a part of it through which they cannot pass. “Mr. 
Wedgewood divides the whole length of the groove into 240 
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degrees, each of jwhich he: supposes equal to:130°.F...: "Phe 
zero of his. scale corresponds to 1077°of Fahrenheit. o« )5: 

-Wedgewood’s ‘ pyrometer is little. employed at present, -be- 
cause its indications cannot be relied;on | Every observation 
requires a separate piece of clay, and ‘the, observer: is ‘never 
sure that. the contraction of the second ‘cube; from the same 
heat, will-be exactly similar to the first ; especially:as \it.is 
difficult to procure specimens of the earth, whose cabana 
is in every respect the same. . 

Other pyrometers have been proposed, which ‘act-on the 
usual principle of dilatation. They consist of a metallic bar, 
the ‘elongation of which, from heat, is rendered sensible by an 
index being attached to one. end; while the other is fixed: 
The experiments. of Lavoisier and Laplace'on the expansion 
of solids were,made-with such an apparatus, and Mr. Daniell 
has lately described.a similar-one in the 11th: volume of the 
London Journal of Science. ‘These instruments are in gene- 
ral too complicated for common.use ;) and, moreover, scien- 
tific men have hitherto placed little confidence: in them,: in 
consequence of the irregularity with which solids expand at 
high temperatures: | ; 

Though the thermometer is one of our most valuablevins | 
struments of philosophical research, it must be confessed that 
the sum of information which it conveys is very small. It 
does indeed point out any difference in the temperature of 
two,or more substances with great nicety ; but it does not 
indicate how much caloric any body contains. » It does) not 
follow, because the thermometer stands at the same elevation 
in. any two bodies, that they contain equal quantities ‘of 
caloric ; nor is it right to infer that the hottest.of them 
possesses more of this principle than. the colder. ‘The*ther- 
mometer can only recognise that peculiar state of matter with 
respect to caloric, which enables it to affect the senses with 
an impression of heat, or cold ;..that condition which.is exe 
pressed) by the. word temperature.» All-we learn: by» this 
instrument, is whether the temperature of one body ‘is greater 
or less than that of another ; and:if there is a difference, it 
is é€xpressed numerically, namely, by the degrees ‘of the 
thermometer: But it must ‘be remembered. that ‘these’ de- 
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grees are’ parts:of an arbitrary scale, selected for conveni- 
ence, without any reference pantera: to the actual #6 ed 
- caloric: present in bodies. salient i® 
The justice of these: remarks may be’ shown in a: very 
sieciple manner. ‘Take two glasses, one large, and the other 
small, and fill them with cold water from the same decanter. 
Now itis manifest that the water in the large glass must 
contain more:caloric than that in the small, one, and’ yetsas 
their temperature is the same, the thermometer will stand at 
the same height in both... This observation» naturally. gives 
rise, to» an’ interesting question ; viz. do different. kinds: of 
substances, whose temperatures, as estimated by the thermo- 
meter, are the same, contain equal quantities of caloric ?, For 
example, does.a pound of iron contain as much, caloric asa 
pound. of water, or of mercury? The foregoing observation 
will, excite a suspicion that they do not contain equal quan 
tities ; but; the question has been determined in the following 
way. If equal quantities of water are mixed together, one 
portion being at 100° F.,.and the, other at. 50°, the mixture 
will have a temperature of 75°, or: intermediate between the 
two; that is, the 25. degrees which the warm.,water has lost, 
have just-sufficed to raise the cold water, by as many degrees, 
Tt is hence inferred that equal. weights of water of,.the same 
temperature contain equal quantities of caloric; and the sameis. 
found to be true of other bodies. But if equal weights, or equal 
bulks of:different substances,are used inthe, experiment, .the 
result, will be,very'different... ‘Thus, if one pound of mercury 
at 180° .F. is. mixed. with a pound of water at 40° F,, the 
mixture will, have. a temperature of 45° EF’. only. .The-hot 
mercury has lost 140 degrees,. all.of which must. have, gone 
into the water ; yet its temperature 1s. raised only | five de. 
grees. This experiment. demonstrates that. 28 times more. 
caloric.is required to raise the temperature of) water. through 
one or, more degrees, than is required for heating an equal, 
weight of mercury to the same extent; from, which. it, is..in-, 
ferred that the former contains. 28 times more caloric. than the, 
latter... This,, result, may be. rendered..more; striking. by. re=, 
versing ‘the experiment, by mixing a pound of water at 185° 
F. with a pound of mercury at.40°.. The temperature of the 
D 
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mixture will be 180° F.,. the water having lost only five de- 
grees, while the mercury has. gained 140. 

Similar experiments have been made by mixing water with 
a great many other substances; and it is. observed that 
different bedies always require unequal quantities of caloric 
to heat them equally.- “The same quantity of caloric which 
heats a pound of water one degree, will heat an equal 
weight of Spermaceti oil two degrees, and, therefore, water 
is supposed to contain twice as much caloric as oil. 

Dr. Black was’ the first who noticed this remarkable dif- 
ference, and he expressed it by the term capacity for caloric.* 
The word capacity was probably suggested by the > idea that 
the capacity of a body for caloric depends upon its capacious- 
ness, or the distance between its particles, in consequence of 
which there is more room for caloric. And indeed at first 
view there appear sufficient grounds for this opinion ; for it 
is observed, that very compact bodies have the smallest ca- 
pacities for caloric, and that the capacity of the same sub- 
stance increases as its density becomes less. But, as Dr, 
Black himself pointed out, if: this was the real cause of the 
difference, the capacity of bodies for calorie should be inversely 
as their density. Thus, since mercury is 13 times and a half 
denser than water, the capacity of the latter for caloric ought 
to be only 13 times and a half greater than the former, 
whereas it is 28 times as great. Oil occupies more space than 
an equal weight of water, and yet the capacity of the latter 
for caloric is double that of the former.. The word capacity 
therefore is apt to excite a wrong notion, unlessi it 1s carefully 
borne in mind, that it is merely an expression of the fact 
without allusion to its eause;: and to avoid the chance of 
error from this source, the term specific caloric has been sub- 
stituted for it, and is now very generally employed. 

It is certainly a singular and unexpected fact, that two 
substances of equal temperature should contain unequal 
quantities of caloric, and many attempts have been made to 
account for it. Phe explanation proposed by Dr. Black’ is: 
the following: He conceived that caloric exists under two op- 


* Black’s Lectures. 
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posite conditions; in one it is supposed to be in a state of 
chemical combination, lying hid as it were within a body, 
without evincing any signs of its presence; in the other, it is 
free and uncombined, passing readily from one substance to 
another, affecting our senses in its passage, determining the 
height of the thermometer, and ina word giving rise to all the’ 
phenomena which we attribute to this active principle. 

Objections might easily be started against this ingenious 
conjecture; but it certainly has the merit of explaining phe- 
nomena more satisfactorily than any view that has been pro- 
posed in its place. We see by its means that two substances, 
from being in the same condition with respect to free caloric, 
will have the same temperature; and yet their actual quanti~ 
ties of caloric may be very different, in consequence of one of 
them containing more of that principle in a combined or latent 
state than the other. Perhaps it is better however to use the 
term sensible instead of free caloric, and insensible instead of. 
combined or latent caloric; .\by which means the fact is 
equally well expressed, and the language of prone completely 
avoided. 

It is of importance to know the specific caloric of bodies. 
The most convenient method of discovering it, is by mixing’ 
different substances together in the way just described, and 
observing the relative quantities of caloric requisite for heat- 
ing them by the same number of degrees. ‘The calorie re- 
quired to heat equal quantities of water, spermaceti oil, and 
mercury by one degree, is in the ratio of 28, 14 and’ 1, and) 
therefore their capacities for caloric are expressed by those 

numbers. Water is commonly one of the materials employed 
in such experiments, as it is customary to compare rope cas 
pacity of other bodies with that of water. 

This method was first suggested by Dr. Black, and was: 
afterwards practised to a great extent by Drs. Crawford and 
Irvine. * “But the same knowledge may be obtained by re 
versing the process;—by noting the relative quantities of ca-! 
loric which bodies give out in cooling; for if water requires! 
28 times more ealoric than mercury to raise its temperature by 


* Crawford on Animal Heat, and Irvine’s Chemical Essays. 
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one or more degrees, it must also lose 28 times as much when 
it cools. The calorimeter, invented and employed’ by La- 
voisier and Laplace, acts on this principle. The apparatus 
consists of a wire cage, suspended in the centre of a metallic 
vessel so much larger than itself, that an interval is left be- 
tween them, which is filled with fragments of ice. The mode 
of estimating the quantity of caloric which is emitted by a 
hot body placed in the wire cage, depends upon the fact, 
that ice cannot be heated beyond 32° F.; since every par- 
ticle of caloric which then. enters into. it is. employed in 
liquefying it, without in. the least affecting its temperature. 
If, therefore, a flask of boiling water is put into. the cage, 
it will gradually cool, the ice will continue at 32°, and a 
portion of ice-cold water will be formed; and the same 
change will happen when heated mercury, oil, or any other 
substance is substituted for the hot water. The sole differ- 
ence will consist.in the quantity .of ice liquefied, which 
will be proportional to the caloric. lost by those bodies, while 
they cool; so that their capacity is determined merely by 
measuring the quantity of water produced by each of them. 
This is’ done by allowing the water, as it forms, to run out of 
the calorimeter by.a tube fixed in the bottom of it, and care-' 
fully weighing the liquid which issues. 

. There’ is, one, obvious source of fallacy in this mode of 
operating, against which it is necessary to provide a remedy; 
namely, the ice not only receives heat from the substance in 
the central cage, but must also be warmed by the air of the 
apartment in which the experiment is conducted. This in: 
convenience 1s completely avoided by surrounding the whole 
apparatus by a larger metallic vessel of the same form as the 
smaller one, and of such a size that a certain space is left be- 
tween them, which is to be filled with pounded ice or snow. 
No external heat can now penetrate to the inner vessel; be-. 
cause all the caloric derived from the apartment is absorbed 
by the outer one, and|is employed, not in elevating its tem- 
perature, but in dissolving the pounded. ice within it. | 

- Notwithstanding this, precaution, however, the accuracy of. 
the calorimeter may fairly be questioned. That the results 
obtained by it should be correct, .it is essential that all the 
water which is produced should flow out and be collected. 
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‘But it is strongly suspected that some of the water is apt'to 
freeze again before it has had time to escape; "and if this be 
‘true, as @ priori is very probable, then the information ay 
‘by the calorimeter must be rejected as useless. 

The specific caloric of the gases may be determined in the 
‘same way as that of liquids and solids; but as the quantity 
‘of heat given out by them in’ cooling, even through a’con- 
‘siderable number of degrees, is very small, the investigation 
‘is one of considerable difficulty. The following table con- 
‘tains thé conclusions of Dr. Crawford, and of Delaroche and 
~ Bérard. Equal weights of each substance are compared to- 
igethier and the capacities are referred to water as unity. 


ees Delaroche and Bérard. ° Crawford. 
Water eye 1.0000 bite i 1.0000 
Air . 0.2669 , ; 1.7900 
Hy dyopéd’s Cas } on 3.2936 : ist. 21.4000 
Carbonic acid gas 0.2210 ous J 1.0454 
‘Oxygen gas" . 9) 10.2361 > to sorgob otde7a90 
Nitrogen» . a 0.2754 : 0.7936 
Nitrous oxide gas’ ©! |») 0.2369" : . fodlis 
Olefiant gas ; 0.4207 

Carbonic oxide gas 0.2884 ; eK Pou" - 
Aqueous vapour . 0.8470 : 1.5500 


: ‘The discrepancy in these results is a sufficient proof of 
the difficulty ofthe inquiry. Dr.» Crawford. had deter- 
mined by experiment, that solid bodies have a less: capacity 
for caloric than iiquids; and it follows, from the numbers 
contained in the’ preceding table, that gases in general 
are superior in this respect to liquids. It had also been 
observed that the specific caloric of a gas imereased when it 
was dilated, and’ diminished when it ‘suffered:;condensation. 
It seemed probable from this, that the capacity of the same 
body for: caloric! would increase when its density became less 
or its cohesion ‘diminished, as when a solid: liquefies, or a li- 
quid is converted into vapour. These’ views were: favoured 
by the experiments of Crawford, but completely overturned 
by those of Delaroche and Bérard) since, according to the 
first authority, the specific caloric of watery vapour is much 
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greater than that of water, while, according to the second, it 
is considerably less. 

The best way to form an opinion of the comparative accu- 
racy of results which are so exceedingly discordant, is by 
direct appeal to experiment; but in the absence of such 
means, we must be guided by a comparison of the methods 
by which the experiments were conducted. Under this point 
of view, those of Delaroche and Bérard have a decided supe- 
riority. From being the most recent experimenters on the 
subject, they had all the experience of their predecessors to 
guide them; and their apparatus, though complicated and 
difficult to manage, was better suited to the object than that 
of Crawford. We can hardly hesitate, therefore, in giving a 
preference to the results of Delaroche and Bérard; and it 
is most probable that their numbers are fair approximations to 
the truth. 

But these remarks apply only to the gases. The specific 
caloric of watery vapour cannot be regarded as known with 
the same degree of certainty ; nor do Delaroche and Bérard 
themselves place much reliance on the accuracy of their re- 
sults. ‘This point then must be left to be decided by future 
observation ; for the data which we at present possess cannot 
be trusted. 

The facts hitherto determined concerning the specific calo- 
ric of bodies may be arranged under the five following heads. 

1. Every substance has a specific caloric peculiar to itself ; 
whence it follows that a change of composition will be attended 
by a change of capacity for caloric. 

2. A change of form, the composition remaining the same, 
is likewise attended by a change of capacity. It is increased 
when a solid liquefies, and diminished when a liquid passes into 
a solid. ‘Thus the capacity of water in the solid state is 900, 
and in the liquid 1000. It was formerly supposed that the 
same substance has a greater specific caloric in the form of 
gas than when it is in a solid or liquid form; but the dis- 
crepancy above alluded to respecting the comparative speci- 
fic caloric of water and watery vapour throws a doubt on this 
supposition which can be cleared away only by future and 
more accurate experiments. 
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. 8 It is certain that the specific caloric of all gases increases 
as their density diminishes, and vice versa.* This being the 
case with the elastic fluids, it may reasonably be asked whe- 
ther the same law does not extend to liquids and solids; whe- 
ther water, for instance, at 32°, possesses the same specific 
caloric as at 212°, and through all the intermediate degrees. 
Drs. Crawford and Irvine contended that it is permanent or * 
nearly so, affirming that solids and liquids possess the same 
specific caloric at all temperatures, so long as they suffer no 
change of form or composition. Mr. Dalton, on the contrary, 
(Chemical Philosophy, part I. p. 50,) endeavours, to show 
that the specific caloric of such bodies is, greater in high 
than in low temperatures; and Petit and Dulong, in» the 
essay already quoted, have proved it experimentally with res 
spect to several of them. Thus the mean capacity of irofi’ 
between 


0°C and 


100° Cent is 0.1098 
0° C : 200° C ; 0.1158 
0°.C 300° C i 0.1218 
0°C ‘ 350° C . 0.1255 


and the same is true of the substatces contained in the fol- 
lowing Table. 


Mean capacity Mean capacity = “ 
between 0° and 100°C ___ between 0° and 300° C 


Mercury 0.0330 0.0350 
Zinc 0.0927 0.1015 
Antimony 0.0507 0.0549 

_ Silver 0.0557 0.0611 

_ Copper 0.0949 0.1013 
Platinum 0.0335 0.0335 » | 

_ Glass 0.1770: 0.1900 .., 


4. Petit and Dulong have rendered it probable that nw 


* Delaroche and Bérard ascertained, that the capacity of gases for caloric 
does not increase in the same ratio as the diminution of density, but according 
toa less rapid progression. Thus, the specific caloric of any gas being’ 1, 
it is not 2 when its bulk is doubled, but between one and two: 
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atoms of all simple.substances have the same specific caloric. 
This opinion is founded on ‘careful experiments, the results 
of which are contained in the following Table. (An.:de 
Chemie et de Phys. vol. .10.) 


Products of the weight 


Specific Caloric. Relative weights of each Atom by the 


of Atoms. 


corresponding capacity: 
Bismuth 0.0288 13.30 0.3830 
Lead — 0.0293 12.95 0.8794 
Gold 0.0298 12.43 0.3704 
Platinum 0.0314 11.16... 0.8740 
Tin . 0.0514 7.35 0.8779 
Silver 0.0557 6.75 0:3759 
Zinc 0.0927 4.03 0.3736 
Tellurium 0.0912 . 4.03 — 0.3675 
- Copper 0.0949 8.957 0.3755 
Nickel 0.1035 3.69 0.8819 
Tron. 0.1100 §.392 | 0.3731 
Cobalt 0.1498 2.46 0.3685 
Sulphur 0.1880 2.011 . 0.3780 


5. A change of capacity for caloric always occasions a 
- change of temperature. An increase in the former is attended 
by a diminution of the latter; and a decrease in the former, 
by an increase of the latter. Thus, when air, confined within 
a flaccid bladder, is suddenly dilated by means of the air- 
pump, a thermometer placed in it will indicate the production 
of cold. On the contrary, when air is compressed, the cor- 
responding diminution of its specific caloric gives rise to an 
increase of temperature ; nay, so much heat is evolved when 
the compression is sudden and forcible, that tinder may be 
kindled by it. The explanation of these facts is obvious. In 
the first case, a quantity of caloric becomes insensible, which 
was previously ina sensible’ state; in the second, caloric is 
evolved, which was previously latent. 


ON LIQUEFACTION. 


, Ata, bodies, hitherto known, are. either solid, liquid or 
gaseous ; and the, form. they assume depends on the’ relative 
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intensity’ of ‘éohesion and’ repulsion. Should’ the® repulsive 
force’ be’ comparatively feeble, the particles, will’ adhere so 
firmly together, that they ‘cannot’ move freely: upon one 
another, thus constituting’ a solid:'’ If ‘cohesion “is ‘so ‘far 
counteracted by repulsion, that the particles move’on each 
other freely, a liquid is formed. And should the*cohesive 
attraction be ‘entirely overcome, so that the particles not only 
move freely ‘on each other, but separate from’ one another ‘to 
an indefinite extent, unless restrained ‘by nictabian pressure, 
an‘aeriform substance will be produced. | 

‘Now’ the property of repulsion ‘is manifestly owing to 
daloric’s ; and as it is easy within’certain ‘limits to increase or 
diminish the quantity of this principle im any substance, it 
follows that the form of bodies may be made’ to vary at plea- 
sure; that is, by a sufficiently intense heat every solid may be 
converted into a fluid, and every fluid into the aeriform state. 
This inference is justified by experience so far, that it may 
safely be considered a general law. ‘The converse ought also 
to be true; and, accordingly, the various gases, with the ex- 
ception of three or four, have been condensed into liquids, 
and all liquids, except alcohol, have been solidified. The 
temperature at which liquefaction takes place is called the 
melting point, or ‘point of fusion; and that at which liquids 
solidify, their point of congelation. Both these points are 
different for different sutdateinees but uniformly the same, 
coeteris paribus, in the same body. 

» The most important circumstance relative to Hq iisActioh! 
is the discovery of Dr. Black, that a large quantity of caloric 
disappears, or becomes insensible to the | thermometer during 
the process. If a pound of water at 32° be mixed with a 
pound of water at 172°, the temperature of the mixture will 
be intermediate betiveen them; or 102°. But ifa pound of 
water at 172° be added to'a pound of ‘ice at 32°, the ‘ice 
will quickly dissolve, and on placing’ a’ thermometer | in the’ 
mixture, it will be found to stand) not at 102°, but at’ 32°’ Tn 
this experiment, the pound of hot water, which was origin. 
ally-at 172° > actually loses 140 degrees of caloric, all of which’ 
entered into the ice, and caused its liquefaction, but did not 
affect its temperature; and it follows, therefore, that a quantity 
of caloric becomes insensible during the melting of ice, sufficient 
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to raise the temperatureof an equal weight of water 140 degrees 
of Fahrenheit. This explains the well-known fact, on which 
the graduation of the thermometer depends,—that the temper- 
ature of melting ice or snow never exceeds 32° F. All the 
caloric which is added becomes insensible, till the liquefaction 
is complete. 

. The loss of sensible caloric which attends liquefaction 
seems essentially necessary to the change, and for that reason 
is frequently called the caloric of fluidity. The actual quan- 
tity of caloric required for this purpose varies with the sub- 
stance, as is proved by the following results obtained by 
Irvine. The degrees indicate the extent to which an equal 
weight of each material would have been heated by the caloric 
of fluidity which is proper to it. 


Caloric of Fluidity. 


Sulphur : : ; 143°.68 F. 
Spermaceti : : , 145° F. 
Lead [ 4 : 162° 
Bees-wax A 4 ; 175° 

Zinc ‘ : : 493° 

Tin , ; , 500 
Bismuth stiesbinall ty Zak ‘ 550 


__As so much heat disappears during liquefaction, it follows 
that caloric must be absorbed when a liquid passes into a so- 
lid. This may easily be proved. The temperature of water 
in the act of freezing never falls below 32° F. though it be ex- 
posed to an atmosphere in which the thermometer is at zero. It 
is obvious that the water can preserve its temperature in a me- 
dium so much colder than itself, only by the caloric which it 
loses being instantly supplied ; and it is no less clear that the 
only source of supply is the calorie of fluidity. Further, if 
pure recently boiled water be cooled very slowly, and kept very 
tranquil, its temperature may be lowered to 21° F. without any 
ice being formed ; but the least motion causes. it to congeal 
suddenly ; and in doing so, its temperature rises to 32° F.* 


* Sir Ch. Blagden, in Philos. Trans, for 1788. 


CALORIC. 43 


|. The explanation which Dr. Black gave of these phenomena 
constitutes what is called his doctrine of latent heat. He 
considered that caloric loses its property of acting on. the ther- 
mometer, in consequence of combining chemically with the 
solid. substance, and that liquefaction is the result of this 
combination. Dr. Irvine maintained a different opinion. He 
admitted that liquefaction is produced by caloric; but de- 
nied that’ it is.owing to any chemical. combination. Ob- 
serving that the capacity of a fluid. for caloric. was always 
greater than that of the solid from which it was produced, he 
ascribed the disappearance of caloric to the change in.capacity 
which accompanies the change in form. 

There is something unsatisfactory in both. these doctrines. 
With respect to the first, there is no proof that caloric can 
unite chemically with ponderable matter at all. So little is 
known concerning the nature of caloric .itself, that it is diffi- 
cult to reason about its relation with other substances, It is 
most probable, indeed, that its presence in them is owing to 
chemical attraction; but even this point is not established 
with any certainty ; much less are we entitled to say when 
such a combination does or does not take place. 

Dr. Irvine’s view is in this respect ‘less hypothetical than 
that of Dr. Black ; but it is nevertheless liable to objections. 
Liquids indeed are found to have a greater capacity for ca- 
loric than the solids which produced them, and this diffe- 
rence may account for heat disappearing during liquefaction. 
But it will soon be seen that the change of liquids into va- 
pour renders insensible a much larger quantity of caloric 
than the conversion of solids into liquids, and yet it does not 
appear that the capacity of liquidsis less than that of gaseous 
substances. According to the most recent experiments, 
those of Delaroche and Bérard, the specific caloric of watery 
vapour is considerably below that. of water. If this is the - 
fact, Dr. Irvine’s theory cannot stand. . 

After all, there appears to be a greater connexion between 
the cause of the different capacities for caloric and of. Dr. 
Black’s theory of latent heat, than is usually admitted. They 
are different indeed, in so far as one is attended by a change 
of form and the other is not; but with respect to the disap- 

4, 


‘MA 3 “CALORIC. 


pearance of caloric, they are very analogous. To heat an equal 
‘weight of water and mercury by the same number of degrees, it 
is necessary to add 28 times as much heat to the water as to the 
‘mercury ; which proves that a quantity of caloric becomes in- 
‘sensible to the thermometer when the temperature of water is 
‘raised by one degree, just as happens when ice is converted 
‘into water, or water into vapour. The two phenomena are 
‘so far identical ; and consequently if an attempt be made to 
account for one of them, it is necessary to adopt some expla- 
‘nation that shall apply equally to the other. Now so far as 
I am aware, no plausible theory of this kind has been propos- 
ed; and therefore it is better to be satisfied with a simple 
statement of the fact. 

“The disappearance of sensible caloric in liquefaction is the 
‘basis of many artificial processes for producing cold: All of 
them are conducted on the principle of liquefying solid sub- 
stances without ‘the aid of heat. For the caloric of fluidity 
‘being then derived chiefly from that which had previously 
existed within the solid itself in a sensible state, the tem- 
perature necessarily falls. The degree: of cold thus ‘pro- 
duced depends upon the quantity of calorie which ‘disap- 
pears, and ‘this again is dependant on the quantity of. Solid 
liquefied, and the rapidity of liquefaction. 

The most common method of producing cold is by mixing 
together equal parts of snow and salt. The salt ‘causes’ the 
snow to melt by reason of its affinity for water, and the water 
dissolves the salt, so that both of them become liquid.. The 
cold thus generated is 32 degrees below the temperature of 
freezing water ; that is, a thermometer placed in the mixture 
would stand at zero. \ This is the way originally’ proposed by 
Fahrenheit for determining the commencement of his scale. 

Any other substances which have a strong affinity for water 
may be substituted for the salt ; and those have the greatest 
effect in producing cold whose affinity for that liquid.is great- 
est, and which:consequently produce the most rapid liquefac- 
tion. The crystallized muriate of lime, proposed by Lowitz, 
is by far the most convenient in practice. This salt may be 
made’ by dissolving marble in muriatic acid. \ The* solution 
should -be’ concentrated by evaporation, till upon letting a drop 
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of it fall upon a saucer, it becomes a solid) mass: It should 
then be withdrawn from the fire, and. when. cold. be speedily 
reduced to a fine powder. From its extreme deliquescence it 
must be preserved .in well-stopped vessels.» The following 
table, from Mr. Walker’s paper in the Philosophical ‘Trans- 
actions for 1801, contains the* best proportions for producing 


an intense cold. 


FRIGORIFIC MIXTURES WITH SNow.* 


; 2323 4 Decree of Cold 3 
Mixtures. “— Thermometer 4 greh CERee Pes 4 x y PEO 


Parts by Weight. ( i 


Muriate of Soda to— 5° - 
‘Snow 2 

Muriate of Soda Te 

Muriate of Ammonia -_ a _, to — 12° 

Snow 5 e 

Muriate of Soda ‘ 10 |2 4 nt: 
Muriate of Ammonia Sls to — 18° 

Nitrate of Potash =. 518 
|Snow : 24]e | 

Muriate of Soda orm = ' 

Nitrate of Atunanis 5 " to 25° 

Snow * 12 

“meal eit Saipharic Acid: pf from + 32° to — 23] 55 degrees. | 
Tetanitead Muriatio Acid 5 from: 32° to — 27° 594. 
Snow . . + 8 ‘ 

A aa einen: Acid, from + 39° to — 30° , 62 | 


Muriate of Lime sis i from + 32°to——40} 72 


{Crystallized Muriate of Lime freint + 39 to — 50 82 


Fused Potash =. . 
Snow — " ‘ 3 from + 32 to— dl 83 


‘But freezing mixtures may be made by the rapid solution 
of salts, without the use of snow or ice; andthe following. 
table, taken from Walker’s paper in the Philos. Trans. for 


* The snow should be freshly fallen, dry and uncompressed. . If snow can- 
not be had, finely pounded ice may be substituted for it. 


+ Made of Strong acid, diluted MY half its weight of snow or or distilled 
water. 
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1795, includes the most important of them.’ The salts must 
be finely powdered and dry. 


Degree of Cold pro- {. 
duced. 


MIXTURES. 

Parts by Weight. 
Muriate of Ammonia . 
Nitrate of Potash 5| from + 50° to + 10°} 


Temperature Falls. 


40 degrees. 


Nitrate of Potash 
Sulphate of Soda . 8 
Water & . 16 


Sulphate of Soda 
Diluted Nitrous Acid* 
Sulphate of Soda 
Muriate of Ammonia 
Nitrate of Potash 
Diluted Nitrous Acid 
Sulphate of Soda 
Nitrate of Ammonia . 
Diluted Nitrous Acid . 
Phosphate of Soda 

Diluted Nitrous Acid 
Phosphate of Soda 

Nitrate of Ammonia : 
Diluted Nitrous Acid 


Sulphate of Soda ° 8 | ~} 
Muriatic Acid. =. : 5 from + 50 to — 0 50 


Sulphate of Soda hy 5 tom + 50 to +3 AT 


‘from + 50 to — 14 


from a 50 to — 12 


Diluted Sulphuric Acid+ 4, 


These artificial processes for generating cold are much 
more effectual when the materials are previously cooled by 
immersion in other frigorific mixtures. One would at first 
suppose that an unlimited degree of cold might be thus — 
produced ; but it is found that when the difference between 
the mixture and the air becomes very great, caloric is so ra- 
pidly communicated from one to the other as to limit the re- 
duction to a certain point. The greatest cold produced by 


~ * Composed of fuming nitrous acid 2 parts in pris and one of water,, the 
mixture being allowed to cool before being used. 

+ Composed of equal weights of strong acid and water, being allowed to 
cool before use. 
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Mr. Walker, did not exceed 100 degrees below the zero of 
Fahrenheit. 

Though it is unlikely that we shall ever succeed in de- 
priving any substance of all its caloric, it is presumed that 
bodies do contain a certain definite quantity of this principle, 
and various attempts have been made to calculate the amount 
of it. The mode of conducting such a calculation may be 
shown by the process of Dr. Irvine. That ingenious che- 
mist proceeded on the assumption, that the actual quantity of 
caloric in bodies must be proportional to their capacity, and 
that the capacity remained the same at all temperatures, pro- 
vided no change of form ensued. Thus, as the capacity of 
ice is to that of water as 9 to 10, it follows that the one con- 
tains 1-10th more caloric than the other, at the same tempe- 
rature. Now Dr. Black ascertained that this tenth, which 
is the caloric of fluidity, is equal to 140 degrees; whence it 
was inferred that water at 32° contains 10 times 140 or 1400 
5 cain of caloric. 

To be satisfied that such calculations cannot be trusted, 
it is sufficient to know, that the estimates made by different 
chemists respecting the absolute quantity of caloric in water 
vary from 900 to nearly 8000.* Besides, even did the esti- 
mates agree with one another, the principle of the calculation 
would still be unsatisfactory ; for, in the first place, there is 
no proof that the quantity of heat in bodies is in the ratio of 
their capacities ; and, secondly, the assumption that the capa- 
city of a body for caloric is the same at all temperatures, so 
long as it does not experience a change of form, has been 
proved to be wrong by the experiments of Petit and Dulong. 


VAPORIZATION. 


- Avrirorm substances are commonly divided into vapours! 
and gases. ‘The character of the former is, that they can be’ 
readily converted into liquids or solids, either by a moderate 
increase of pressure, the ‘temperature at which they were 
formed remaining the same, or by a diminution of tempera- 


* Dalton’s New System of Chemical Philosophy. 
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ture, the pressure being unchanged. Gases, on the contrary; 
retain their elastic state more obstinately; they are always 
such at common temperatures, and. cannot be made to change 
their form, except by being subjected to much greater pressure . 
than they are naturally exposed to. Several of them, indeed, 
have hitherto resisted every , effort to compress. them, into 
liquids. . | 
Caloric appears to be the, cause of vaporization, as swells as 
of liquefaction, and it is a general opinion that a sufficiently, 
intense heat would convert every liquid and solid into vapour. 
A considerable number of bodies, however, resist the strong- 
est heat of our furnaces without vaporizing., These are said 
to be fixed in the fire; those which, under the same. circum- 
stances, are converted into, vapour, are called volatile. . 
The disposition of different substances: to form: vapour is 
very different; and the difference depends doubtless . on, the; 
relative, power of cohesion with: which they are. endowed. 
Fluids are, in general, more easily vaporized than solids, as, 
would be expected from the weaker cohesion of the former. 
Some solids, as arsenic and sal-ammoniac, pass at.once ipto 
vapour without being liquefied ; but most of them become, 
liquid before assuming the elastic condition. 4 
Vapours occupy more space than the substances from which , 
they were produced. . According to the experiments of Gay-. 
Lussac, water in passing into vapour expands to 1696 times 
its volume, alcohol to 659 times, and ether. to 443 times. 
This shows that vapours differ in density. Watery vapour, 
is lighter than air in ‘the proportion of 1000 to 1604; or the 
density of air’ being 1000, that of watery vapour is 6235. The, 
vapour of alcohol, on the contrary, is half as heavy again as’ 
air ; and that of ether is more than twice and a half as heavy. 
As alcohol boils at a lower temperature than water, and ether 
than alcohol, it was conceived that the density of vapours 
might be in the direct ratio of the volatility, of, the. liquids 
which produced them. But, Gay-Lussac has shown that this. 
law. does not hold generally ; for the carburetof sulphur, boils. 
at.a higher temperature than ether, and nevertheless it forms ; 
the heaviest. vapour, | - 
The dilatation of vapours By Rent was found by Gay- 


Lussac to follow the same jaw as gases, that. is, for every 
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degree of Fahrenheit, they increase by 735th of the volume 
they oceupied at 32°. But the law does not hold unless the 
quantity of vapour continues the same. If the increase of 
temperature cause a fresh portion of vapour to rise, then the 
expansion will be greater than .4,th, for each degree; be- 
cause the heat not only dilates the vapour previously existing 
to the same extent as if it were a real gas, but augments its 
bulk by adding a fresh quantity of vapour. The contraction 
of a vapour on cooling will likewise deviate from the above 
law, whenever the cold converts any of it into a liquid—an 
effect which must happen, if the space had originally contain- 
ed its maximum of vapour. | 

Vaporization is’ conveniently studied under two bends}: 
Ebullition and Evaporation. In the first, the production of 
vapour is so rapid that its escape gives rise to a visible com- 
motion in the liquid; in the second, it passes off quietly and 
insensibly. 


: 
. : - EBULLITION. 


The temperature at which vapour rises with sufficient free- 
dom for causing the phenomena of ebullition, 1s called the 
boiling point. The heat requisite for this effect varies with 
the nature of the fluid. Thus, sulphuric ether boils at 96° F 
alcohol at 173°, and pure water at 212°; while oil of turpen- 
tine must be raised to 316°, and mercury to 660°. before 
either exhibits marks of ebullition., The boiling point of 
the same liquid is constant, so long as the necessary condi- 
tions are preserved ; but it is liable to be affected by seve- 
ral circumstances.. The nature of the vessel has some in- 
fluence upon it. Thus, Gay-Lussac observed that pure wa- 
ter boils precisely at 212° in a metallic vessel, and at 214° in 
one of glass. It is likewise affected by the presence of foreign 
particles, —The same accurate experimenter found, that when 
a few iron filings are thrown into water boiling in a glass ves+ 
sel, its temperature quickly falls from 214° to 212°, and re- 
mains stationary at the last point. But the cireumstance 
which has the greatest influence over the boiling point 
of fluids is variation of pressure.’ All bodies » upon 
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the earth are constantly exposed to considerable _pres- 
sure; for the atmosphere itself presses with a _ force 
equivalent toa weight of 15 pounds on every square inch 
of surface. Liquids are exposed to this pressure as’ well 
as solids, and their tendency to take the form of vapour is 
very much counteracted by it. In fact, they cannot enter into 
ebullition at all, till their particles have acquired such an 
elastic force as enables them to overcome the pressure upon 
their surfaces ; that is, till they press against the atmosphere 
with the same force as the atmosphere against them. Now 
the atmospheric pressure is variable, and: hence it follows that 
the boiling point of liquids must also vary. 

The only time at which the pressure of the atmosphere is 
equal to a weight of 15 pounds on every square inch of sur- 
face, 1s when the barometer stands at 30 inches, and then 
only does water boil at 212° F. If the pressure be less, that 
is, if the barometer fall below 30 inches, then the boiling 
point of water, and every other liquid will be lower than 
usual ; or if the barometer rises above 30 inches, the temper- 
ature of ebullition will be proportionally increased. This is 
the reason why water boils at a lower temperature on the top 
of a hill than in the valley beneath it; for as the column of 
air diminishes in length as we ascend, its pressure must like- 
wise suffer a proportional diminution. The ratio between 
the depression of the boiling pot and the diminution of the 
atmospherical pressure is so exact, that it has been proposed 
as a method for determining the heights of mountains.* An 
elevation of 530 feet makes a diminution of one degree of 
Fahrenheit. , 

The influence of the atmosphere over the point of ebulli- 
tion is best shown by removing its pressure altogether. The 
late Professor Robison found that fluids boil in vacuo at a 
temperature 140 degrees lower than in the openair.f ‘Thus 
water boils at 72° F, alcohol at 33° F. and ether at —44° F. 
This proves that a liquid is not necessarily hot, because it 
boils. . The heat of the hand is sufficient to make water boil 
in vacuo, as is exemplified by the common pulse-glass ; 
and ether, under the same circumstances, will enter into 


* Wollaston in. Phil. Trans, 1817. + Black’s Lectures, p./51. 
. 
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ebullition, though its temperature is low Pag for freezing 
mercury. | 

Water cannot be heated under common circumstances be- 
yond 212° F., because it then acquires such an expansive 
force as enables it to overcome the atmospheric pressure, and 
to fly off in the form. of vapour. But if subjected to 
sufficient pressure, it may be heated to) any extent without 
boiling. This is best done by heating water while confined 
in a strong copper vessel, called Papin’s Digester. A large 
quantity of vapour collects above the water, which checks 
_ the ebullition by the pressure it exerts upon the surface of 
the liquid. There is no limit to which water might not be 
heated in this way, provided the vessel is strong enough 
to confine the vapour ; but the expansive force of steam under 
these circumstances is so enormous as to overcome the great- 
est resistance. 

In estimating the power of steam, it should be remember- 
ed that vapour, if separated from the liquid which produced it, 
does not possess a greater elasticity than an equal quantity of 
air. If, for example, the digester was full of steam at 212°, 
no water in the liquid state being present, it may be heat- 
ed to any degree, even to redness, without danger of burst- 
ing. But if water be present, then each addition of caloric 
causes a fresh portion of steam to rise, which adds its own 
_elastic force to that of the vapour previously existing; and 
in consequence an excessive pressure is soon exerted against 
the inside of the vessel. Professor Robison (Brewster’s edi- 
tion of his works p. 25) found that the tension of steam 1s 
equal to two atmospheres at 244° F., and to three at 270° F. 
The results of Mr. Southern’s experiments, given in the 
same volume, fix upon 250°3° F. as the temperature at which 
steam has the force of two atmospheres, on 293°4° F. for four, 
and 348-6° F. for eight atmospheres. - 

The elasticity of steam is employed as a moving power in 
the steam-engine. The construction of this machine depends 
on two properties of steam, namely, the expansive force com- 
municated to it by caloric, and its ready conversion into wa- 
ter by cold. The effect of both these properties is well shown 
by a little instrument devised by Dr. Wollaston. It consists 
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of a cylindrical glass tube, six inches long, nearly an inch 
wide, and blown out into a little ball at one end. A piston 
is accurately fitted to the cylinder, so as to move up and 
down the tube with freedom. When the piston is at the 
bottom of the tube, it is forced up by causing a portion of 
water, previously placed in the ball, to boil by means of a 
spirit-lamp. On dipping the ball into celd water, the steam 
which occupies the cylinder is suddenly condensed, and the 
piston is forced down by the pressure of the air above. it. 
By the alternate application of heat and cold, the same move- 
ments are reproduced, and may be repeated for any length of 
time. . 

The moving power of the steam-engine is the same as in 
this apparatus. The only essential difference between them 
1s in the mode of condensing the steam. In the steam-engine, 
the steam is condensed in a separate vessel, where there is a 
regular supply of cold water for the purpose. By this eon- 
trivance, which constitutes the great improvement of Watt, 
the temperature of the cylinder never falls below 212°. 

The formation of vapour is attended, like liquefaction, with 
a loss of sensible caloric. This is proved by the well-known 
fact that the temperature of steam is precisely the same as 
that of the boiling water from which it rises; so that all the 
caloric which enters into the liquid is solely employed in con- 
verting a portion of it into vapour, without affecting the tem- 
perature’ of either in the slightest degree, provided the latter 
1s permitted to escape with freedom. ‘The caloric which then 
becomes latent, to use the language of Dr. Black, is again 
set free when the vapour is condensed into water. The exact. 
quantity of caloric absorbed, may therefore be ascertained by 
condensing the steam im cold water, and observing the rise of 
temperature occasioned by it. From the experiments of Dr. 
Black and Mr. Watt, conducted on this principle, it appears 
that steam of 212°, in being condensed into. water of 212°, 
gives out as much caloric as would raise the temperature of 
an equal weight of water.by 950 degrees, all of which had 
previously existed in the vapour without being sensible to a 
thermometer. 

The latent heat of steam and susie other vapours has been 
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examined by Dr. Ure,* whose results are contained in the: 
following table. 
a sab ae ak Sis Latent Heat, 
Vapour of water at its boiling point . 967° 


Alcohol x 442 
Ether ; 302.379 
Petroleum ‘ 177.87. 
Oil of\turpentine — . 177.87 
Nitric acid " DI1L99 
Liquid ammonia __ $37.28 
Vinegar ‘ 875 


The disappearance of caloric that accompanies vaporization 
was explained by Dr. Black and Dr. Irvine, in the way al- 
ready mentioned under the head of liquefaction, and. the 
objections then urged against each theory are likewise appli- 
cable on the present occasion, 


LVAPORATION, 


Evaporation as well as ebullition consists in the formation 
of vapour, and the only assignable difference between them is, 
that the one takes place quietly, the other with the appearance 
of boiling. Evaporation takes place at common temperatures, 
as may be proved by exposing water in a shallow vessel to 
the air for a few days, when it will gradually diminish, and 
at last disappear entirely, Most fluids, if not all of them, 
are susceptible of this gradual dissipation ; and it may also 
be observed in some solids, as. for example incamphor, [va- 
por ation is much more rapid i in some fluids than in others, and 
it is always found that those liquids, whose boiling point ts low- 
est, evaporate with the greatest rapidity, Thus alcohol, which 
boils at a lower temperature than water, evaporates also more. 
freely ; and. ether, whose point of ebullition is yet Jower ihan 
that of alcohol, evaporates still more rapidly. 

The chief circumstances that influence the process of eva- 


* Philos. Trans. 1818, 
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poration are extent of surface, and the state of the air as to 
temperature, dryness, stillness, and density. 

1. Extent of surface. Evaporation proceeds only from the 
surface of fluids, and therefore, ceteris paribus, must depend 
upon the extent of surface exposed. 

2. Temperature. The effect of heat in promoting evapo- — 
ration may easily be shown by putting an equal quantity of 
water into two saucers, one of which is placed in a warm, the 
other in a cold situation. ‘The former will be quite dry be- 
fore the latter has suffered an appreciable diminution. 

3. State of the air as to dryness or moisture. When 
water is covered by a stratum of dry air, the evaporation is 
rapid even when its temperature is low. Thus in some dry 
cold days in winter, the evaporation is exceedingly rapid ; 
whereas it goes on very tardily, if the atmosphere contains 
much vapour, even though the air be very warm. 

4, Evaporation is far slower in still air than in a current, 
and for an obvious reason. ‘The air immediately in contact 
with the water soon becomes moist, and thus a check is put 
to evaporation. But if the air is removed from the surface 
of the water when it has become charged with vapour, and 
its place supplied with fresh dry air, then the evaporation 
continues without interruption. 

5. Pressure over the surface of liquids has a remarkable 
influence over evaporation. ‘This is easily proved by placing 
éther in the vacuum of an air pump, when vapour rises so 
abundantly as to produce ebullition. 

As a large quantity of caloric passes from a sensible to an 
insensible state during the formation of vapour, it follows that 
cold should be generated by evaporation. A very simple 
experiment will prove it. Ifa few drops of ether be allowed 
to fall upon the hand, a strong sensation of cold will be excited 
during the evaporation; or if the bulb of a thermometer, covered 
with lint, be moistened with ether, the production of cold will 
be marked by the descent of the mercury. But to appreciate 
the degree of cold which may be produced by evaporation, it 
is necessary to render it very rapid and abundant by artificial 
processes ; and the best means of doing so, is by removing 
pressure from the surface of volatile liquids. Water placed 
under the exhausted receiver of an air-pump, evaporates with 
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great rapidity, and so much cold is generated as would freeze 
the water, did the vapour continue to rise for some time with 
the same velocity. But the vapour itself soon fills the 
vacuum, and retards the evaporation by pressing upon the 
surface of the water. This difficulty may be avoided by put- 
ting under the receiver a substance, such as sulphuric acid, 
which has the property of absorbing watery vapour, and. con- 
sequently of removing it as quickly as it forms. Such is the 
principle of Mr. Leslie’s method for freezing water by its 
own evaporation.* 

The action of the cryophorus, an ingenious contrivance of 
Dr. Wollaston, depends on the same principle. It consists 
of two glass balls, perfectly free of air, and joined together by 
a tube as represented in figure 2nd. One of the balls con- 
tains a portion of distilled water, while the other parts of the 
instrument, which appear empty, are full of aqueous vapour, 
which checks the evaporation from the water by the pressure 
it exerts upon it. But when the empty ball is plunged into — 
a freezing mixture, all the vapour within it is condensed ; 
evaporation commences from the surface of the water in the 
other ball, and it 1s frozen in two or three minutes by the 
cold thus produced. 

Liquids which evaporate more rapidly than water, cause a 
still greater reduction of temperature. The cold produced 
by the evaporation of ether in the vacuum of the air-pump, 
is so intense as to freeze mercury.t- 

Scientific men have differed concerning the cause of eva~ 
poration. It was once supposed to be owing to a chemical 
attraction between the air and water, and the idea is at first 
view plausible, since a certain degree of affinity does to all 
appearance exist between them. But it is nevertheless im- 
possible to attribute the effect to this cause. For evaporation 
takes place equally in vacuo as in the air; nay, it is an esta- 
blished fact, that the atmosphere positively retards the pro- 
cess, and that one of the best means of accelerating it, 1s by 
removing the air altogether. The experiments of Mr. Dalton 
prove that calorie is the true and only cause of the formation 


* See Art. Cold in the Supplement to the Encyclopzdia Britannica. 
+ See a paper by the late Dr. Marcet in Nicholson’s Journal, vol. xxxiy. 
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of vapour. He finds that the actual quantity of vapour 
which can exist in any given space, is dependant solely upon 
the temperature. If, for instance, a little water be put into 
a dry glass flask, a quantity of vapour will be formed propor- 
tional to the temperature. If a thermometer placed in it 
stands at 32° F. the flask will contain a very small quantity 
of vapour. At 40°, more vapour will exist in it; at 50° it 
will contain still more; and at 60°, the quantity will be stalk 
farther augmented. If, when the thermometer is at 60°, the 
temperature of the flask is suddenly reduced to 40°, then a 
certain portion of vapour will be converted into water; the 
quantity which retains the elastic form being precisely the 
same as when the temperature was originally at 40° F. 

It matters not with regard to these changes, whether the 
flask is full of air, or altogether empty; for im either case, it 
will eventually contain the same quantity of vapour, when the 
thermometer is at the same height. ‘The only effect of a dif- 
ference in this respect, is in the rapidity of evaporation. ‘The 
flask, if previously empty, acquires its full compliment of 
vapour, or, in common language, becomes saturated. with it, 
in an instant; whereas the presence of air affords a mechani- 
cal impediment to its passage from one part of the flask to 
another, and therefore an appreciable time elapses before the 
whole space is saturated. 

Mr. Dalton found that the tension or elasticity of va- 
pour is always the same, however much the pressure may 
vary, so long as the temperature remains constant, and 
liquid enough is present for preserving the state of saturation 
proper to the temperature. If, for example, in a vessel con- 
taining a liquid, the space occupied by its vapour should sud- 
denly dilate, the vapour it contains will dilate also, and con-; 
sequently suffer a diminution of elastic force; but its tension 
will be quickly restored, because the liquid yields an additional 
quantity of vapour, proportional tothe increaseof space. Again, 
if the space be diminished, the temperature remaining constant, 
the tension of the confined vapour. will still continue unchang- 
ed; because a quantity of it will be condensed proportional to 
the diminution of space, so that, in fact, the remaining space 
contains the very same quantity of vapour as it did origi- 
nally. ‘The same law holds good whether the vapour is pure 
or mixed with air or avy other gas, 
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» The elasticity of watery vapour at temperatures below 212° 

F. was carefully examined by Mr. Dalton, (Manchester 
Memoirs, vol v.); and his results, together with those since ob- 
tained by Dr. Ure,* are presented in a tabular form at the end 
of the volume. They were obtained by introducing a por- 
tion of water into the vacuum of a common barometer, and 
estimating the tension of its vapour by the extent to which it 
depressed the column of mercury at different temperatures. 
But Mr. Dalton did not confine his researches to water; he 
extended them. to the vapour of various liquids, as ether, 
alcohol, ammonia, and. solution of muriate of lime, and infer- 
red from them the following law :—That the force of vapour 
from all liquids is the same, at equal distances above or below 
the several temperatures at which they boil in the open air. 
Thus steam at 200° F. has the same elasticity as the vapour 
of ether at 85°, the boiling point of the former being 212°, 
and of the latter 97°. Biot and Amédé Berthollet (Biot, 
Traité de Ph. vol. i. p. 282.) have found that this law applies 
exactly to many other liquids; but some experiments by Dr. 
Ure on the oil of turpentine and petroleum, would lead to the 
conclusion that it is not universal. ; 

The presence of vapour has a considerable influence over 
the bulk of gases ; and as chemists often find it convenient to 
determine the quantity of gaseous substances by measure, it is 
important to estimate the effect thus produced, in order to 
make allowance for it. ‘The mode by which a vapour acts is 
obvious. Ifa few drops of water are added to a portion of 
dry air, confined in a glass tube over mercury, the air will 
speedily become saturated with vapour, and must in conse- 
quence be increased in bulk. For the elastic power of the 
vapour being added to that previously exerted by the gas 
alone, the mixture will necessarily exert a stronger pressure 
upon the mercury that confines it, and will therefore occupy 
a greater space. It is equally clear that the degree of aug- 
mentation will depend on the temperature ; for it is the tem- 
perature alone which determines the tension of the vapour. ~ 

As the elasticity of vapour is not at all affected by mere 
admixture with gases, it is easy to correct the fallacy to which 
its presence gives rise by means of the data furnished by the 


* Philos. Trans. 1818. 
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experiments of Dalton, ‘he formula for the correction is 
thus deduced.* Let » be the bulk of dry air or other:gas 
expressed in the degrees of a graduated tube; p the tension 
of the dry air, equal to the atmospheric pressure ; 7’ the bulk 
of the air when saturated with watery vapour, fthe tension 
of that vapour. 

It is a well-known law in physics that the elasticity of a gas 
is inversely as its volume ; so that, when the dry air increases 
in bulk from 7 to n’, its elasticity diminishes in the ratio of 
n ton. Hence its elasticity ceases to be = p, but is expres- 


sed by "3p is Now = oS: that is, the elasticity of the di- 


lated air, added to the elasticity of the vapour present, is 
equal to the pressure of the atmosphere. From this last equa- 
tion are deduced the following values: pn +.fn’=pn'; pn= 


pn —fn'; and n = PID 

One example will suffice for showing the simplicity of this 
formula. Having 100 measures of air saturated with watery 
vapour at 60° F., the barometer standing at 30 inches, how 
many measures would the air occupy if quite dry? »’=100; 
p=30.; f=0.52% according to Mr. Dalton’s table. Hence 
+100, (300.524) 100,%79,-476 nig g opie hich is! the 

30 30 
answer required. 

The presence of watery vapour in the atmosphere is owing 
to evaporation, All the accumulations of water upon the sur- 
face of the earth are subjected by its means to a natural dis- 
tillation; the impurities with which they are impregnated 
remain behind, while the pure vapour ascends into the air, 
gives rise to a multitude of meteorological phenomena, and 
after a time descends again upon the earth as rain. As eva- 
poration goes on to a certain extent even at low temperatures, 
it is probable that the atmosphere is never absolutely free of 


ui] 


vapour. 
The quantity of vapour present in the atmosphere is very 
variable, in consequence of the continual change of tempera- 


* Biot, Traité de Ph. vol. i. p. 303. 
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ture to which the air is subject. But even when the tempe- 
rature is the same, the quantity of vapour is still found to 
vary; for the air is not always in a state of saturation. At 
one time it is excessively dry, at another it is fully saturated ; 
and at other times it varies between these extremes. ‘This 
variable condition of the atmosphere as to saturation 1s ascer- 
tained by the hygrometer. 

A great many hygrometers have been invented ; but they 
may all be referred to two principles. The construc- 
tion of the first kind of hygrometer is founded on the pro- 
perty possessed by some substances of expanding in a humid 
atmosphere, ewing toa deposition of moisture within them ; 
and of parting with it again to a dry air, and in conse- 
quence contracting. Almost all bodies have the power of 
attracting moisture from the air, though in. different propor- 
tions. A piece of glass or metal weighs sensibly less when 
carefully dried, than after exposure to a moist atmosphere ; 
though neither of them is dilated, because the water cannot 
penetrate into their interior. Dilatation from the absorption 
of moisture appears to depend on a deposition of it within the 
texture of a body, the particles of which are moderately soft 
and yielding. The hygrometric property therefore belongs 
chiefly to organic substances, such as wood, the beard. of corn, 
whalebone, hair and animal membranes. Of these, none is 
better than the human hair, which not only elongates freely 
from imbibing moisture, but, by reason of its elasticity, re- 
covers its original length on drying. 

The second kind of hygrometer points out. the opposite 
states of dryness and moisture by the rapidity of evaporation. 
Water does not evaporate at all when the atmosphere is com~ 
pletely saturated with moisture ; and the freedom with which 
it goes on at other times, is in proportion to the dryness of 
the air. The hygrometric condition of the air may be deter- 
mined, therefore, by observing the rapidity of evaporation. 
The most convenient method of doing this, is by covering the 
bulb of a thermometer with a piece of silk or linen, moisten- 
ing it with water, and exposing it to the air. The descent of 
the mercury, or the cold produced, will correspond to the 
quantity of vapour formed in a given time. Mr. Leslie’s 
hygrometer is of this kind. 
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A very clegant instrument for determining the dew- point, | 
or the temperature at which dew is deposited, has been late- 
ly invented by Mr. Jones of London, and Mr. Coldstream 
of Leith. It consists of a common mercurial thermometer, 
with a bulb of black glass, the upper half of which is cover- 
ed with muslin. When sulphuric ether is dropped upon the 
muslin, the temperature of the whole bulb sinks rapidly, and) 
a deposition of dew soun becomes visible on the lower and 
exposed part of it. The degree indicated by the thermo- 
meter at that instant is the dew-point. (Phil. Trans. for 
1826, and Edin. Phil. Journal, No. 17. p. 155.) 

It is desirable, on some occasions, not merely -to know the 
hygrometric condition of air or gases, but also to deprive them > 
entirely of their vapour. This may be done to a great ex- 
tent by exposing them to an intense cold; but the method 
now generally preferred is by bringing the moist gas in con- 
tact with some substance which has a powerful chemical at- 
traction for water. Of these none is preferable to muriate 
of lime in a state of perfect dryness, 


CONSTITUTION OF THE GASES WITH RESPECT TO CALORIC. 

‘Phe experiments of Sir H. Davy and Mr. Faraday on the 
liquefaction of gaseous substances appear to justify the opi- 
nion that gases are merely the vapours of extremely volatile 
liquids. ‘These liquids, however, are so volatile, that their 
boiling point, under the atmospheric pressure, is lower than 
any natural temperature ; and this is the reason why they are 
always found in the gaseous state. By subjecting them to 
great pressure, their elasticity is so far counteracted that they 
become liquid. But even when thus compressed, a very mo- 
derate heat is sufficient to make them boil; and on the re- 
inoval of pressure they reassume the elastic form, most of 
ther with such violence as to cause a report like an explo- 
sion, and others with the appearance of brisk ebullition. An 
intense degree of cold is produced at the same time, in con- 
sequence of caloric passing from a sensible to an insensible 
state. | . 

The process for condensing the gases (Philos. Trans, for 


CALORIC. : 61 


1823) consists in exposing them to the pressure of their own 
atmospheres. (The materials for producing them are put in- 
to a strong glass tube, which is afterwards sealed hermetical- 
ly, and bent in the middle as represented by figure $d. The 
gas is generated, if necessary, by the application of heat, and 
when the pressure becomes sufficiently great, the liquid forms 
and collects in the free end of the tube, which is kept cool 
to facilitate the condensation. Most of these experiments 
are attended with danger from the barsting of the tubes, 
against which the operator must protect himself by the use _ 
of a mask. $08} | 
The pressure required to liquefy the gases is very variable, 
as will appear from the following table. The results were 
obtained by Mr. Faraday. 


Sulphurous acid gas. 2 atmospheres at 45°F. 
Sulphuretted hydrogen gas 17 : 50°F". 
Carbonic acid gas , 36 ; 32K. 
Chlorine gas. : at ; 60°F. 
Nitrous oxide gas ' 50 45° 

Cyanogen gas : BiG 45°F. 
Ammoniacal gas d Gi" é 50°F. 


Muriatic acid gas 40 50°F. 


SOURCES OF CALORIC. 


The sources of caloric may be reduced to six. 1. The 
sun. 2. Combustion. 3. Electricity. 4. The bodies of ani- 
-mals. during life. 5. Chemical action. 6. Mechanical ac- 
tion. All these means of procuring a supply of caloric, ex- 
cept the last, will be more conveniently.considered in other 
parts of the work. 

The mechanical method of exciting caloric is by friction 
and percussion. When parts of heavy machinery rub against 
one another, the heat excited, if the parts of contact are not 
well greased, is sufficient for kindling wood. The axle-tree 
of carriages has been burned from this cause, and the sides 
of ships are said to have taken fire by the rapid descent 
of the cable. Count Rumford has given an interesting 
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account of the caloric excited in boring cannon, which was 
so abundant as to heat a considerable quantity of water to 
its boiling point. It appeared from his experiments that a 
body never ceases to give out heat by friction, however long 
the operation may be continued; and he inferred from this 
observation that caloric could not be a material substance, 
but was merely a property of matter. M. Pictet observed 
that solids alone can produce heat by friction, no elevation 
of temperature taking place from the mere agitation of fluids 
with one another. He found that the heat excited by fric- 
tion is not in proportion to the hardness and elasticity of the 
bodies employed.’ On the contrary, a piece of brass rub- 
bed with a piece of cedar wood produced more heat than 
when rubbed with another piece of metal; and the heat was 
still greater when two pieces of wood were employed. 
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SECTION I. 


LIGHT. 


Licur is similar to caloric in many of its properties. They 
are both emitted m the form of rays, traverse the air in 
straight lines, and are subject to the same laws of reflection. 
The intensity of each diminishes as the square of the distance 
from their source. They often accompany each other; and 
on some occasions seem to be actually converted into one ano- 
ther. It has been supposed, from this circumstance, that they 
might be modifications of the same agent; and though most 
persons regard them as independent principles, yet they are 
certainly allied in a way which is at present quite inexplicable. 

There are two kinds of light, natural and artificial; the 
former proceeding from the sun and stars, the latter from 
bodies which are strongly heated. The light derived from 
these sources is so different, that it is necessary to speak of 


them separately. 
The solar rays come to us either directly as in the case 


of sunshine, or indirectly, in consequence of being diffused 
through the atmosphere, constituting day-light.. They pass 
freely through some solid and liquid bodies, hence called 
transparent, such as glass, rock-crystal, water, and many 
others, which, if clear and in moderately thin layers, in- 
tercept a portion of light that is quite inappreciable when 
compared to the quantity transmitted. Opaque bodies, on 
the contrary, intercept the rays entirely, absorbing some of 
them and reflecting others. In this respect, also, there is a 
close analogy between light and caloric; for every good re- 
flector of the one, reflects the other also. 

Though transparent substances permit the light to pass 
through them, they nevertheless exert a considerable influ- 
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ence upon it in its passage. All the rays which fall obliquely 
are refracted, that is, are made to deviate from their original 
direction. It was this property of transparent media which 
-enabled Sir Isaac Newton to discover the compound nature 
of the solar light, and to resolve it into its constituent 
parts. The substance commonly employed for this pur- 
pose is a triangular piece of glass called the prism. Its action 
depends upon the different refrangibility of the seven-colour- 
ed rays which compose a colourless.one. The violet ray suf- 
fers the greatest refraction, and the red the least; while the 
other colours of the rainbow lie between them, disposed in 
regular succession according to the degree of deviation which 
they have individually experienced. ‘The coloured figure so 
produced is called the prismatic spectrum, which is always 
bounded by the violet ray on one side, and by the red on 
the other. 

The prismatic colours, according to the experiments of Sir 
W. Herschell, differ in their illuminating power. The orange 
possesses this property in a higher degree than the red; and 
the yellow rays illuminate objects still more perfectly. |The 
maximum of illumination lies in the brightest yellow or palest 
green. ‘The green itself is nearly equally bright with the 
yellow ; but from the full deep green, the illuminating power 
decreases very sensibly. ‘That of the blue is nearly equal 
to that of the red; the indigo has much less than the 
blue ; and the violet is very deficient. (Phil. ‘Trans. 1800.) 

The solar rays, both direct and diffused, possess the pro- 
perty of exciting heat as well as light. This effect takes 
place only when the rays are absorbed ; for the temperature 
of transparent substances through which they pass, or of 
opaque ones by which they are reflected, is not affected by 
them. Hence it happens that the burning glass and concave 
reflector are themselves nearly or quite cool, at the ss mo- 
ment of producing a strong heat by collecting the sun’s s rays 
into a focus. The extreme éoldnéss that prevails in the 
higher strata of the air arises from the same cause. The‘rays 
pass on unabsorbed through the atmosphere ; and the lower 
parts of it would be'as eotd as the upper, did they not re- 


ceive caloric by communication from the earth. 
2 
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» The absorption of light is much influenced by the nature 
of the surface on which it falls; and it is remarkable that 
those: substances which absorb’ radiant’ non-luminous caloric 
most powerfully, are likewise the best absorbers of light. 
But there is one property of. surfaces, namely, colour, which 
has a great influence over the absorption of light, but exceed- 
ingly little, if any, over that of pure radiant caloric. ‘That 
dark-coloured substances acquire a higher temperature in the 
sunshine than light ones may be inferred from the general 
preference given to the latter as articles of dress during sum- 
mer; and this practice, founded on the experience of man- 
kind, has been justified by direct experiment. Dr. Hooke, 
and subsequently Dr. Franklin, proved. the fact. by placing 
pieces of cloth of the same texture and. size, but of different 
colours, upon’ snow, and allowing the sun’s rays to fall upon 
them. ‘The dark-coloured specimens always absorbed more 
caloric than the light ones, the snow beneath the former 
having melted to a greater extent than under the others ; and 
it was remarked that the effect was nearly in proportion to the 
depth of shade. Sir H. Davy has recently examined the sub- 
ject, and arrived at the same conclusions. 

The rays of the prismatic spectrum differ from one another 
in their heating power as well as in colour. Their difference 
in this respect was first noticed by Herschell, who was induc- 
ed to direct his attention to the subject by the following cir- 
cumstance. In viewing the sun by means of large telescopes 
through differently coloured darkening glasses, he sometimes 
felt ai strong sensation of heat with very little light, and at 
other times he had a strong light with little heat,—differences 
which appeared to depend on the colour of the glasses which 
he used. This observation. led ‘to his celebrated researches 
on the heating power of the prismatic colours, which were 
published in the Philosophical Transactions for 1800. 

The experiments were made by transmitting a solar beam) 
through a prism, receiving the spectrum on a table, ‘and 
placing the bulb of a very delicate thermometer successively: 
m the different parts of it... While engaged. in this inquiry,’ 
he observed not only that the red was the hottest ray, but 
that there was.a point a little beyond the red, altogether out: 
of the spectrum, where the thermometer stood higher than in 
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the red itself. By repeating and varying the experiment, he 
discovered that the most. intense heating power was always 
beyond the red. ray, where there was no light at all; and 
that the heat progressively diminished in» passing from. the 
red to the violet, where it was least. .He hence inferred that 
there exists in the solar beam a distinct kind of ray, which 
causes heat but no light; and. that these rays, from being 
less refrangible than the luminous ones, deviate in a less de- 
gree from their original direction in pasaiiig through the 
prism. | 

All succeeding experiments ria the statement of Sir 
W. Herschell that the prismatic colours have very different 
heating powers; but they are at variance with respect to the 
spot at which the heat is at a maximum, Some. assert with 
Sir W. Herschell thatit is beyond the red ray ; while others, 
and in particular Professor Leslie, contend:that itis in the red 
itself... This question has been decided by the recent observa- 
tions of M. Seebeck.» He found that the point of greatest heat 
was variable according to the kind of prism which was employ- 
ed for refracting the rays. . When he used a prism.of fine flint 
glass, the greatest heat was constantly beyond the red.. With 
a prism ws crown glass, the greatest heat was m the red itself. 
When he employed a prism externally of glass, but ‘contains 
ing water within, the maximum was neither in the red, nor 
Lisiud it, but in the yellow. It is difficult to account for 
these phenomena, except on the supposition that the different 
kinds_of prisms differ in their power of refracting : calorie. 
These experiments therefore confirm the opinion of »Sir; W. 
Herschell, that the sun-beam contains calorific rays, distinct 
from the luminous ones; and render it highly probable, that 
the heating effect imputed to the latter, is wtied owing to the 
presence oli the former. 

It has beeh long known that the solar light is capable of 
producing powerful chemical changes. One of the most strik- 
ing instances of it is its power of darkening the white muri- 
ate of silver, which takes place slowly in the diffused light of 
day, but in the course of one or two minutes, by exposure to 
the sup-beam.. This effect. was once attributed to the m- 
fluence of the luminous rays; but it appears from the obser- 


vations of Ritter and Wollaston, that it. is owing to the pre- 
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sence of certain rays that excite neither heat nor light, and 
which; from their peculiar agency, are termed chemical rays. 
Itis found that.the greatest, chemical, action is exerted just 
beyond: the violet ray of the prismatic: spectrum; that the 
spot next in energy is occupied by the violet ray itself; and 
that the property gradually diminishes as we advance, to the 
green, beyond which it seems wholly wanting. It hence fol- 
lows that the chemical rays are still more refrangible than the 
luminous ones, in consequence of which they are dispersed in 
part over the blue, indigo and violet; but in the greatest 
quantity at a point which is even beyond the latter. | 

-/ The more refrangible rays of light; possess, the property of 
rendering steel or trem magnetic. )~This; property, was dis, 
covered in the violet ray by Dr. Morichini of Rome; -but.as 
some experimentalists of eminence had repeated the experi. 
ments without success, the subject was involved in some’ de- 
gree of uncertainty. |The fact, however, has been established 
by Mrs. Somerville of London, who recently gave an account 
of her researches to the Royal Society. Sewing needles were 
rendered magnetic by exposure for two hours to the violet 
ray ; and the magnetic property was communicated in a still 
shorter time, when the violet) rays were, concentrated bya 
lens. The indigo rays possess the magnetizing power almost to 
the same extent: as the violet; and the blue and green possess 
the same power, though in a less degree, It.is wanting in the 
yellow, orange, and 'red.. Needles were also rendered mag, 
netic by the sun’s aya transmitted HAP ER green and blue 
glass. 

The second kind of lights is that which is emitted by ate 
stances when strongly heated. All bodies begin to.emit light 
when caloric is accumulated within them in great quantity ; 
and the appearance of glowing or shining, which they then 
assume, is called incandescence.. The temperature at which 
solids in general begin to shine in the dark,.is between 6009 
and 700° F.; but they do not appear luminous in broad day, 
light, till they are heated to about 1000° F,.'The colour, of 
incandescent bodies. varies» with the intensity of the heat, 
The first degree» of luminousness is an obscure red... As the 
heat augments, the redness becomes more and more vivid, till 
at last it acquires a full red glow. | Should the temperature 
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still continue to increase, the character of the glow changes,’ 
and by degrees becomes white, shining with increasing bril- 
liancy as the intensity of the heat augments, Liquids and 
gases likewise become incandescent) when! strongly heated; 
but’ a very bigh temperature is required to: make a gas 
luminous, more than is’sufficient for heating a solid body even 
to whiteness. ‘The different kinds of flame, as of the fire, 
candles and gas light, are instances of incandescent gaseous 
matter. 

All artificial lights’ are’ procured by the combustion’ or 
burning of inflammable matter. So large'a quantity of ca- 
loric is evolved during the process that the body is made in- 
candescent in the. moment of being consumed. Those sub- 
stances are preferred for the purposes of illumination that 
yield gaseous products when: strongly heated, which, by bes 
coming: ]uminous while they burn, constitute flame. © ‘I'he 
light derived from such: sources differs from the solar light 
in being accompanied by free radiant. caloric similar to that 
emitted by a non-luminous heated body. ‘The free radiant 
caloric may be separated by a screen of moderately thick 
glass; but the light so purified still heats any body that ab- 
sorbs it, whence it would appear that it retains: some calorific 
rays which, like those in the solar beam, accompany the. lu- 
minous ones in their passage through solid transparent me- 
dia.* Terrestrial light has been supposed to. contain no che- 
mical rays. It is probable, however, that the attempts hither- 
to made to detect their presence, have failed rather;from a 
want of delicacy in our tests than from their non-existence, 
This supposition is ‘supported, or rather confirmed, by the 
chemical effects recently occasioned by phosphorescent lime. 
(Annals of Philosophy, June 1826.) | 

Light i is emitted by some substances at common tenipdras 
tures, giving rise to an appearance which is called phosphor- 
escence. ‘This phenomenon seems owing in some instances 
to a direct absorption of) light which is) afterwards slowly, 
emitted. A composition made by heating to redness a mix- 
ture of calcined oyster shells and sulphur, known by the name 
of Canton’s Phosphorus, possesses this property ina very re- 


* Mr. Powell in: Phil. Trans. for’ 1825. 
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markable degree. \ It. shines so «strongly fora few minutes 
after exposure to light, that when removed to.a dark room 
the hour ona watch:may be distinctly seen by it. . After some 
time it ceases to be luminous, but it regains the property when 
exposed during a short interval ‘to light. No chemical charge 
attends the phenomenon, 

Another ‘kind of phsenwer esi sh is, observable in some 
bodies when they. are strongly heated. A. piece of .marble, 
for example, heated. to a degree which would only make other 
bodies red, emits a brilliant white light of such intensity that 
the eye cannot support the impression of it, 

A. third species of phosporescence is observed.in the bodies 
of some animals, either in.the dead or. living state. Some 
marine animals, and particularly fish, possess it in a remark- 
able degree. It may be witnessed in the-body of the herring, 
which begins to phosphoresce a day or two after death, and 
before any visible siga of putrefaction has,set.in.. Sea-water 
is capable of dissolving the luminous matter; and. it is pre- 
bably from this cause that the waters,of the ocean sometimes 
appear luminous at night when agitated... This appearance 
is also ascribed to the presence of certain animalcules, which, 
like the glow-worm of this country, or the fire-fly of the West 
Indies, are naturally phosphorescent, 

It is sometimes of importance to measure the compar alive 
imtensities of light, and the instrument, by which this is done 
is called a photometer. The only photometer which is, em- 
ployed for estimating the relative strength of the sun’s:light 
is that of Mr.) Leslie. It consists. of bis differential .ther- 
mometer, ‘with one ball. made of black ‘glass. The clear 
ball transmits all the luminous rays that fall-upon it, and 
therefore its, temperature is not affected by them ;, they are 
all-absorbed, on the contrary, by the black ball, and by heat- 
ing and expanding the air within it, cause the liquid to  as- 
cend in the opposite stem. The whole instrument is covered 
with-a case of thin glass, the object of which is to prevent the 
balls from being affected by currents of cold air. The action of 
this photometer depends on the heat produced by the absorp- 
tion of light.. -Mr. Leslie conceives that ‘light: when -absorb- 
ed is converted into heat; but ‘according to the experiments 
already referred to, the effect must be attributed, not so much 
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to the light itself, as to the absorption of the calorific rays 
which accompany it. 

Mr. Leslie recommends his photometer also for Aeeavdat: 
ing the relative intensities of artificial light, such as that emit- 
ted by candles, oil, or gas. This application of it differs from 
the foregoing, because the light proceeding from terrestrial 
sources contains caloric under two forms. One is analogous 
to that emitted by a body which is not luminous; the other 
is similar to that which accompanies the solar light. It is 
presumed that the first form of caloric will not prove a source 
of error: that these rays are wholly intercepted by the outer 
case of glass; or that should a few of them penetrate into the 
interior, they will be absorbed equally by both balls, and 
will therefore heat them to the same extent. It is probable 
that this reasoning is not wide of the truth ; and, consequent- 
ly, the photometer will give correct indications so far as re- 
gards the new element—non-luminous caloric. But it is not 
applicable to lights which differ in colour; for their heating 
power is out of all proportion to their light. Thus, the light 
emitted by burning cinders or red-hot iron, even after passing 
through glass, contains a quantity of calorific rays, which is out 
of all proportion to the luminous ones ; and, consequently, 
they may and do produce a greater effect on the photometer 
than some lights whose illuminating powers are far greater. 

The second kind of photometer is on .a totally different 
principle. It determines the comparative strength of lights by 
a comparison of their shadows. ‘This instrument was invent- 
ed by Count Rumford, and is described by him in his Essays. 
It is susceptible of great accuracy when employed with the 
requisite care ;* but, like the foregoing, its indications cannot 
be trusted when there is much difference in the colour of the 
hghts. In this case, the best mode of obtaining an approxi- 
mative result, is by observing the distance from each light at 
which any given object, asa printed page, ceases to be dis- 
tinetly visible. The illuminating power of the lights so com- 
pared is as the squares of the distance. 


* See an Essay on the Construction of Coal Gas Burners, &¢. in the Hdin- 
burgh Philosophical, Journal for 1825. 
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ELECTRICITY. G 


THar some substances, such as glass, sealing-wax, and am- 
ber, acquire the property of attracting light bodies by friction 
is a fact which was known tothe ancients. It appears to have 
been first noticed in amber, and hence the originof the term 
Electricity, (from the Greek word Azxrgov, amber,) which was 
applied to the unknown cause of these phenomena.’ But no 
material progress was made in this branch of knowledge till 
the first half of the 18th century, when the discovery of new 
and important facts’ by Gray in this country, and Dufay in 
France, attracted general attention to the subject, and speedil y 
acquired for it the regular form of a science. 

Electricity is now very generally regarded, like the other 
imponderables, as a highly subtile elhstic fluid, too: light to 
affect. our most delicate balances, moving with: inconceiv- 
able -velocity,: and present in all bodies. It is one of the 
most active principles in nature. | It is the cause of) thunder 
and lightning ; the phenomena of. galvanism,.and probably 
of magnetism, are produced by it; and it exerts such an in- 
fluence over chemical changes, as to have given ree pied 
to the notion that it is the cause of them. 

Though bodies always contain electricity, they do not. al- 
ways exhibit electrical phenomena. For this purpose they 
must be excited ; and: the best mode of exciting them is by 
friction. M. Dufay discovered that when two substances are 
rubbed together, both of them are excited, but are thrown 
into opposite electrical conditions. He conceived that there 
are two kinds of electricity, one of which he termed vitreous, 
the other resinous ; the former being peculiar to glass when 
rubbed with a woollen cloth, and the latter to amber, sul- 
phur,. and resinous substances under similar treatment. 
He was led to this distinction by observing that two bodies 
which possess the same kind of electricity repel one another, 
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and that substances in an opposite electrical condition attract 
each other. 

These facts are explicable on the supposition that a repul- 
sive power is exerted between the particles of the same kind 
of electricity, which causes an excited body to repel any other 
which is similarly electrified. The opposite electricities, on 
the contrary, are supposed to attract one another; and hence 
an attraction will be exerted between any two substances, one 
of which possesses vitreous, and the other resinous: elec- 
‘tricity. An unexcited body, according to this view, con- 
tains both electricities in a state of combination or neutra- 
lization, and cannot, therefore, exhibit any electrical attrac- 
tions or repulsions. But friction disturbs this| combina- 
tion, or electric equilibrium as it is often called, causing the 
vitreous electricity to accumulate in one body and the resin- 
ous in the other. They are both, consequently, in an excited 
state, and continue to be so till each recovers that kind of 
electricity which it had lost. 

A different explanation was proposed by Dr. Franklin, 
which is founded on the supposition that there 1s only one 
kind of electricity. When bodies contain their natural quan- 
tity of electricity, they do not manifest any electrical proper- 
ties ; but they are excited either by an increase or diminu- 
tion in that quantity. On rubbing a piece of glass with a 
woollen cloth, the electrical condition of both substances’is 
disturbed ; the former acquires more, the other less than its 
natural quantity. These different states are expressed by the 
terms positive and negative, the first corresponding to the 
vitreous, the second to the resinous electricity of Dufay. The 
phenomena of electricity are explicable by both of these 
theories; but that of Dr. Franklin is commonly preferred. in 
this country. 

The knowledge of the electrical attractions and repulsions 
‘affords an easy aeialaail of discovering when any substance is 
excited, as well as of distinguishing the kind of electricity 
which it possesses. A: body is known to be in an excited state 
by its power of attracting light substances, or by causing two 
pith balls, suspended bie silken threads, to repel one srolitiy 
when it is brought in contact with them. The strength of 
the electricity may be estimated by the extent of the diverg- 
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ence. Instruments of this kind are called Electroscopes and 
Electrometers; and.one of the most sensible is that. of | Mr, 
Bennet, which is made with. two slips of gold leaf, and. is 
hence. called the Gold leaf Electrometer... If a pith ball, sus- 
pended by a silken thread, is rendered: positive, by. being 
touched with an excited stick of. glass, it will of course ‘be 
repelled by presenting a positively electrified body toit ; and, 
on the contrary, it will be attracted by one which is negative. 
In this way the kind of aii may be! readily .deter- 
mined, 

Electricity may be ssdileniie in all solid. substances by fric- 
tion. This assertion seems at first view contrary to. fact. -It 
is well known that a metallic substance, if held in the hand, 
may be rubbed for any length of time without.exhibiting the 
least-sign of electricity ; an observation, which led to the di- 
vision of bodies into such as may be excited by’ friction, and 
into those that give no sign of electrical excitement. under the 
same circumstances. The former were called Electrics, the lat- 
ter Non-electrics. But the distinction 1s not founded in nature. 
A. metallic substance does not indeed exhibit any trace of elec- 
tricity when rubbed in the same way as a piece of glass; but if, 
- while it is rubbed with the dry fur of a cat, itis supported by 
a glass handle, it will be found to attract light bodies near it. 

The difficulty and apparent impossibility of exciting metallic 
bodies, receives an explanation from the following facts, _ Phi- 
losophers have observed that the electric fluid passes with 
great facility along the surface of some substances, and with — 
difficulty over that of others ; and they have been led by. this 
circumstance to the division of bodies into conductors and 
non-conductors of electricity. If an excited conductor, such 
as a metallic wire, be made to communicate with the earth at 
one of its extremities, the electricity will pass to it from the 
opposite end in an instant, even though it were several. miles 
in, length’;' so that when the equilibrium is disturbed, it 
will, be at once restored along the whole wire, just as 
effectually as if every. point of it had been in comrauni-. 
cation with the ground. . But an excited stick of glass or 
resin 1s not affected in the same manner; for as electricity 
does not obtain a free passage along them, the equilibrium‘s 
restored in those parts only, which are actually touched. For 
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this reason a non-conductor of electricity, though held in the 
hand, may be readily excited ; but a good conduétitig’ body 
cannot be brought into that state, unless it be insulated, that 
is, cut off from communication with the earth by means of 
some non-conductor. 

To the class of conductors Balionp the metals, charcoal, 
plumbago, water, and most substances which contain water in 
its liquid state, such as animals and plants. To the list of non- 
conductors, belong glass, resins, sulphur, the diamond, dried 
wood, precious stones, silk, hair, and wool. Atmospheric air 
1s also a non-conductor. If it were not so, no substance could 
retain its electricity when surrounded by it. Aqueous va- 
pour suspended in the air injures the non-conducting proper- 
ty of the latter, and hence electrical experiments do not suc 
ceed so well when the air is charged with moisture as when 
itis dry. The presence of a little moisture communicates 
conducting properties to' the worst non-conductor ; and hence 
it is inipossible to excite glass by rubbing it with a moist 
substance. a 

The construction of the electrical machine will now be in- 
telligible. It consists of a large cylinder or plate of glass; 
which is made to revolve by means of a handle, and ‘1s’ press- 
ed during its rotation by cushions stuffed with hair, so as to 
produce considerable friction. The positive electricity excit- 
ed on the glass is conducted away by insulated bars of brass 
or other metal called the prime conductor, where it is collect- 
ed in considerable quantity. “The advantage of this arrange- 
ment is, that the electricity, spread over the whole surface of 
the prime conductor, passes at once to any substance which 
touches one point of it. : ss 

Friction is not the only exciter of electricity. The alecteie 
equilibrium is often disturbed by chemical action, or by the 
mere contact of two substances of a different kind, as when a 
plate of zinc is made to touch a plate of copper. ‘The same 
body is sometimes excited by different parts of it being une- 
qually heated. Electricity i is developed during various natu- 
ral processes as evaporation and the condensation of vapour, 
which may aid in accounting for certain electrical phenomena 
of the atmosphere. Another cause of excitement is proximi- 
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ty to an. electrified body, which has a tendency to induce 
an electric state opposite to its own. Thus, an excit- 
ed stick of sealing wax attra¢ts light bodies in its vicinity, 
because, being itself negative, it occasions them to be posi- 
tively electrified. When the inside of a glass bottle is ren- 
dered positive by contact with the prime conductor of the 
electrical machine, the outside/of it, if i communication with 
the earth; becomes negative: On this depends the construction 
of the Leyden phial, which is merely a glass bottle or jar, coated 
to within three or four inches of its top both externally and 
internally with tinfoil. | Its aperture is closed by some :non-. 
conducting substance, through the centre of which passes a 
metallic rod that communicates with the tinfoil m the inside 
of the jar.» The phial is charged by holding the  outsidecof: 
it in the hand, or placing it on the ground; while the metallic 
rod is made to receive sparks from the prime conductor. If 
in this charged state, the two surfaces are made to communi: 
cate by means of some conductor, the electric equilibrium will 
be instantly restored. » An electrical battery is composed of a 
series of Leyden ‘phials communicating with ‘one ‘another. 
The battery is charged and discharged in'the'same manner 
as a single phial. - 

The passage of electricity is frequently attended iy the 
production of heat and light; an® effect which invariably en: 
sues when it meets with an impediment ‘to its progress, as in 
passing through’anon-conductor.. The most familiar example 
happens in its passage through the air, when it gives rise'to a 
spark attended by a peculiar snapping noise, if in small 
quantity ; or to the phenomena of thunder and lightning, 
when it takes place on a large scale. On the contrary, it 
passes along perfect’ conductors, such as the metals, without 
any perceptible warmth, or light, provided the extent of 
their surface is in proportion to the quantity of electricity to 
be transmitted by them ; but if the charge*is too great in ‘res 
lation to the extent of the conducting surface, an intense de- 
gree of heat will be produced. Light avid heat are likewise 
emitted at' the monient the electric equilibrium is restored, as 
when the two surfaces of a charged Leyden phial are made 
10 communicate by means of a Zager conductor. 
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SECTION IV. 
GALVANISM. 


Tue science of Galvanism owes its name and origin to the | 
experiments on animal irritability made by Galvani about the 
year 1791. » In the course of the investigation, he discovered 
the fact, that muscular contractions are excited in the leg of a 
frog recently killed, when two metals, such as zinc and silver, 
one of which touches the crural nerve, and the other the muscles 
to which it is distributed, are brought into: contact with one 
another. Galvani imagined that the phenomena were owing 
to electricity present in the: muscles, and that the metals only 
served the purpose of a. conductor... He. conceived) that the 
animal electricity originated in the brain, was distributed) to 
everv part of the system, and resided particularly in the 
muscles. He was of opinion that the different parts of each 
muscular fibril were in opposite states of electrical excitement, 
like the two surfaces of a charged Leyden phial, and that.con- 
tractions took place whenever the electric equilibrium was 
restored. This he supposed to be effected during life through 
the medium of the nerves, and in his experiments by the in- 
tervention of metallic conductors, 

The views of Galvani had several opponents, one of whom, 
the celebrated Volta, succeeded in pointing out their fallacy. 
Volta maintained that the electricity. was excited by the 
contact of the metals; that the animal substances. merely 
acted as conductors in restoring the electric equilibrium at 
the moment of its being disturbed ; and that the contraction 
was produced by the stimulus arising from the passage: of 
electricity along the nerves and muscular fibres. _He proved 
that electricity was excited in the way he supposed, by bring- 
ing plates of different metals, as zinc and silver, in contact with 
one another, and examining their electrical state, at the mo- 
ment. of separation, by means of a delicate electrometer... For 
this purpose, it is necessary’ to insulate each of the metallic 
discs, by supporting them on a handle of glass or resin... On 
taking this precaution, it was found that both the metals 
were excited, the silver negatively, and the zinc positively, 
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‘As the quantity of electricity excited by any two metals is 
small, Volta endeavoured to increase the effect by employing 
several pairs of metals, connecting them in such a manner 
that the electricity excited by each pair should be diffused 
through the whole series; and this attempt led him to the 
construction of the Voltaic pile, a description of which was — 
published in the Philosophical Transactions for 1800. | It 
consists of any number of pairs of zinc and copper, or zine 
and silver plates, each pair being separated from the adjoining 
ones by pieces of cloth, nearly of the same size as the plates, 
and moistened in a saturated solution of salt. The rela- 
tive position of the metals in each pair must be the same in 
the whole series; that is, if the copper is placed below the 
zinc in the first combination, the same order must be preserv- 
ed:in all the others. The pile is contained in a proper frame, 
formed of glass pillars, fixed into a’ piece of thick wood, 
(fig. 4.) which both supports and ‘insulates it. 

The apparatus so formed is in the same state of excitement 
as the insulated metallic discs after contact, and affects the 
electrometer’! and. excites muscular contractions in a similar 
manner, but ina much greater degree. ‘The opposite ends 
of the pile are also differently excited, the side which begins 
with a zinc plate being positive and the other negative ; and 
hence when they are made to communicate. by means of a 
good conductor, electricity must pass from. the one to the 
other, precisely as-is supposed to happen in’ the discharge 
of a Leyden phial. \ But the apparatus is not thereby render- 
ed inactive ; for as the conditions which originally excited it 
are still maintained, the equilibrium is no sooner restored 
than it is again disturbed, and therefore a continued current 
must pass from one end or pole to the other along the wire 
that-connects them. . 

The Voltaic pile is now rarely employed, because’ we 
possess other modes of forming galvanic combinations which 
are far more powerful and convenient. The galvanic bat- 
tery, proposed by Mr. Cruickshank, consists of a trough 
of baked wood, about thirty inches long, m which: are 
placed at equal distances fifty pairs of zinc. and’ copper 
plates previously’ soldered together, and so arranged that 
the: same metal shall always be on the same side.’ Each 
pair is fixed ina groove cut in the sides and bottom of the 
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box, the points of junction being made water-tight by ce- 
ment. ‘The apparatus thus constructed is always ready for 
use, and is brought into action by filling the cells left between 
the pairs of plates with some convenient solution, which 
serves the same purpose as the moistened cloth in the pile of 
Volta, a rates : 
' Other modes of construction are now in, use which faci- 
htate the employment, of it, and increase its energy... The 
trough, made either of baked wood or glazed. earthen ware, 
(fig. 5.) is divided into partitions of the same material... Each 
cell contains a plate of zine and another of copper, which de 
not touch each other, but communicate merely through the 
medium of the fluid in which they are immersed.. 'The,zine 
plate of one cell:is connected with the copper of the ,adjoin- 
yg one by means of a ship of copper. Allthe plates are at- 
tached toa piece of wood, and may thus be introduced into the 
hquid of the trough, or, removed from it at pleasure, \ This 
method was suggested by the Couronne des Tasses of Volta, 
an arrangement which was described by him, together with 
his pile, in the paper already, alluded to,..An additional im- 
‘provement was suggested by Dr, Wollaston, (see Mr. Chil. 
dren’s paper in the Philos. Trans. for 1815), who. -recom, 
mends that each cell should contain one zinc and two copper 
plates, so that both surfaces of the first metal.are opposed to 
one of the second. In consequence of this arrangement, the 
plates ef copper communicate with each other, and. the, zinc 
between them with the copper of the adjoining cell.; An 
increase of one half the power is obtained by this. method, ,. 
The size and number of the plates may be varied at plea. 
sure. The largest battery ever made is that of Mr. Children, 
described in the paper above referred to, the plates of which 
are six feet long, and two feet eight inches broad... The.com- 
mon and. most convenient size for the plates is four or six 
inches square; and when great power is required, a number 
of different batteries are united by establishing a metallic com- 
munication between the positive pole of one battery and the 
negative pole of the adjcining one. The great battery of 
the Royal. Institution is composed of 2000 pairs of plates, 
each plate haying 32 square inches of surface. It was by this 
that Sir H. Davy was enabled to effect the decomposition and 
determine the constitution of the alkalies, a discovery which 
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has at once extended so much the bounds of chemical science, 
and conferred:immortal honour on the name of the discoverer. 
The action of the galvanic trough is always attended by 
chemical changes between the liquid of the cells and one of 
the metals with which it is in contact. It has indeed been 
maintained by one of the most profound philosophers of the 
age, that such changes. are essential to the production of gal- 
vanism ; and it is certain that the action of the pile or battery 
is neither permanent nor energetic without their occurrence. 
The energy of a galvanic trough is, in fact, proportional to 
the degree \of ‘chemical action which takes place. “When 
pure water is put into the cells, the'action is feeble, because 
the accompanying’ chemical changes are feeble; but still the 
zine is observed’'to rust more rapidly: than it would do, ‘were 
it not in contact with copper. A solution of some saline sub- 
stance increases the energy of the pile; and. the zine is also 
found to oxidize more rapidly than in‘the first case. An acid 
fluid corrodes'the metal with still greater rapidity, and aug- 
ments the ‘activity of the battery in the same proportion. 
» In constructing a galvanic battery, each member of the 
series‘must consist either of one imperfect and two perfect 
conductors, or of one perfect and two imperfect. The an- 
nexed tables, from Sir H. Davy’s Elements of Chemical Phi- 
losophy, contain some series of both kinds, arranged in the 
order of their powers; the substance which is most active 
being named first in‘each column. Among the good_or per- 
fect conductors are the metals and charcoal. ‘The imperfect 
conductors are water, and saline or acid solutions. 


Table of some electrical arrangements, which, by combination, 
Sorm Voltaic batteries, composed of two conductors, and one 
imperfect conductor. 


Zinc ‘| Solutions of Nitric Acid 

Tron LY Muriatic Acid 
‘Tin Each of these is the positive Sulphuric Acid 
‘Lead = | pole to all the metals below Sal- Ammoniac 
Copper it, and negative with respect Nitre ' 
- Silver to the metals above it in the other Neutral Salts 
Gold column, 

Platina 


_ Charcoal 
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L'able of some electrical arrangements, consisting: of one. 
conductor, and two imperfect conductors. 


Solution of Sulphur and Potash | Copper > Nitric Acid Se 
Potash Silver Sulphuric Acid 
Soda Lead Muriatic Acid 
Tin Any solutions con- 
Zinc taining Acid. 
other Metals . 
Charcoal 


In all combinations in which the fluids act. chemically. by 
affording oxygen, the positive pole is always attached to the 
metal which has the strongest affinity for oxygen ; but when 
the fluid menstrua afford sulphur to the. metals, the metal 
which has the strongest affinity for sulphur will. be. positive. 
Thus, in a series of copper and iron plates introduced into a 
porcelain trough, the cells of which are filled with water or 
acid. solutions, the iron is: positive, and. the copper nega- 
tive; but when the cells are filled with solution of sul- 
phur and potash, the copper is positive, and the iron negative. 

In all combinations in which one metal. is concerned, the . 
surface opposite to the acid is negative, and that in contact, 
with the solution of alkali and sulphur, or of alkali, 1S, posi-, 
tive. (Elements of Chemical Philosophy.) 7S 

The more remarkable effects of the ga!vanic battery may. 
be conveniently considered under 4 heads. Ist, Its electrical 
phenomena; 2d, its, chemical, agency; 3d, its. power. of 
igniting the metals; and 4th, its action on the magnet... 

1. A galvanic battery. may be made to produce all the, 
phenomena occasioned by the common electrical machine. It 
will cause the gold leaves of the electrometer ‘to diverge, and 
a Leyden phial, or even an electrical battery, may be charged 
by it. When conductors, connected with the opposite poles 
of an active galvanic trough, are brought near each other, a 
spark is seen to pass between them; and on establishing the 
communication by means of the hands, previously moistened, 
a distinct shock is perceived, though of a peculiar nature. 
‘These properties naturally gave rise to the belief, that the 
agent or power excited by the Voltaic apparatus, is identical 
with that which is called into activity by the electrical 
machine, and the arguments in favour of this opinion seem 
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quite satisfactory. For not only may all the common electri- 
cal’ experiments be performed by means of galvanism ; but it 
has been shown by Dr. Wollaston, (Phil. Tr. for 1801) that all 
the chemical effects of the galvanic battery may be produced 
by electricity. 

For producing intense heat and light, a battery composed 
of large plates is. preferable. Small ones, on the contrary, 
should be employed when the object is to give shocks, to 
charge a Leyden phial, or affect an electrometer; for the power 
of a battery, in this point of view, depends upon the number 
rather than on the size of its plates. The apparatus should be 
excited by an acid solution when it is wished to draw sparks or 
produce a shock ; but for charging a Leyden phial, or affect- 
ing the electrometer, the cells should. be filled by preference 
with water only.* 

II. The chemical agency of the Voltaic apparatus, to which 
chemists are indebted for their most powerful instrument of 
analysis, was discovered by Messrs. Carlisle and Nicholson, 
soon after the. invention was made known in this country. 
The substance first decomposed by it was water. When 
two gold or platinum wires are connected with the opposite 
poles of a battery, and their free extremities are plunged in- 
to the same cup of water, but without touching each other, 
hydrogen gas is disengaged at the negative wire, and oxygen 
at the positive side. By collecting the gases in separate tubes 
as ‘they escape, they are found to be quite pure, and in the 
exact proportion of two measures of hydrogen to one of oxy- 
gen. When wires.of a more oxidable metal are employed, 
the result is somewhat different. | The hydrogen gas appears 
as usual at the negative pole; but the oxygen, instead of 
escaping, combines with the metal, and converts it into an 
oxide. | 
This important diecdvery led: many able experimenters: 
to make similar trials. Other compound bodies, such as 
acids and salts, were exposed. to the action of galvanism, and’ 
all of them were decomposed without exception, one of their 
elements appearing at one side of the battery, and the other’ 
at its opposite extremity. An exact ‘uniformity in the cir. 
cumstances pteoeae the sibeptind caduaen was viii remarked.” 


af * Singer on Electricity, p. 336. 
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Thus,.in decomposing water or other compounds, the same 
kind of body was always disengaged at the same side of the 
battery. "The metals,. inflammable substances in general, the 
alkalies, earths, and the oxides of the common metals, were 
found at the negative pole; while oxygen, chlorine, and the 
acids, went over to the positive surface. .' 

In performing. some of these experiments, Sir H. Davy ob- 
served, that if the conducting wires were plunged into separ 
ate vessels of water, which were made to communicate by 
some moist fibres of cotton or amianthus, the two gases 
were still disengaged in their usual order, the hydrogen in one 
vessel, andthe oxygen in the other, just asif the wires had been 
dipped into the same portion of that liquid. This singular fact, 
and another of the like kind observed by Hisinger’and Berze- 
lius, induced him to operate in the same way with other com- 
pounds, and thus gaye rise to his celebrated experiments on 
the transfer of chemical substances from one vessel to another, 
detailed in the Philosophical Transactions for 1807. Two 
agate cups, N and P, were employed. in them, the first com- 
municating with the negative, the second with the positive 
pole of the battery, and connected together by moistened 
amianthus. On putting a solution of sulphate of potash or 
soda into N, and distilled water into P, the. acid very soon 
passed over to the latter, while the liquid in the former, which 
was at first neutral, became distinctly alkaline. The process 
was reversed by placing the saline solution in P, and the 
distilled. water in N, when the alkali went over to, the nega- 
tive cup, leaving pure acid in the positive.» That the acid:in 
the first experiment, and the base in the second, actually 
. passed along the amianthus, was obvious; for, on one occa- 
sion, when nitrate of silver was substituted for the sulphate of. 
potash, the amianthus leading to N, was coated with a film of. 
metal. A similar transfer may be effected by putting distill- 
ed water into, N and P, and a saline solution in a third cup 
placed, between the. two, others, and connected with each of 
them by moistened amianthus. In a short time the acid of 
the salt appears in P, and the alkali in N, 

The galvanic action not only separates the elements of 
compound bodies, but suspends the operation of affinity so: 
entirely as to enable an acid to pass through an alkaline so- 
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Jation, or an alkali through) water: containing’ a free. acid, 
without’combination taking place between them. he three 
cups beingyarranged asin the» last) experiment, Sir H. Davy 
put’a‘solution ‘of sulphate of potash in N, pure water in P, 
anda weak solution of ammonia in the intermediate cup, so 
that no sulphuric acid could find its way to, the, distilled wa- 
ter'in P without passing through the ammoniacal liquid on 
its passage. A battery composed, of 150) pairs of 4-inch 
plates was set in action, and in five minutes free acid .appear- 
ed at the positive pole. Muriatic and. nitric acids were in 
like manner made to pass through strong alkaline solutions ; 
and, on reversing the experiment, alkalies were transmitted 
directly through acid. liquids without entering into ROnthpAs 
tion with them.” : 

The analogy between the saeieSing phenomena and _ the 
attractions and repulsions exerted by ordinary electricity is 
too close to’escape observation. If an acid or an alkali pass 
from one vessel’ to another in opposition to gravity and che- 
mical affinity, it is clear that it must arise from its being un- 
der the influence of a:still stronger attraction; and the only 
power to which such an effect can in the present case be at- 
tributed, is electricity. » Now; in all. instances of common 
electrical attraction, the bodies attract one another in conse- 
quence of being in opposite states of excitement ; and, in like 
manner, the tendency of acids towards the zinc, and of alka- 
‘hes ‘towards the copper extremity of ‘the Voltaic apparatus, 
can be‘accounted for, consistently with our present knowledge, 
only on the supposition that the former are negatively, and 
the latter positively electric, at the moment of being. sepa~ 
rated from one another. ‘To explain how the elements of 
compounds may be in sucha state, Sir H. Davy conceives that 
all bodies possess natural electric energies, which are’ inherent 
in them whether they are in a’state of combination or not; 
and that:some of them, such as oxygen, chlorine, iodine, and 
acids in general, are naturally negative, while hydrogen, me- 
tals, and metallic oxides, are naturally positive. The facts 
on which this opinion is founded are very remarkable. On 
bringing dry acids im contact with a metallic plate properly 
insulated, it was found, after separation, that the former were 
excited with negative and:the latter with positive’ electricity. 
On touching the same metal with. earthy and. alkaline , sub- 
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stances, the latter became positive and the former negative. 
It might hence be expected that acid and alkaline: bodies 
would exhibit opposite electrical energies if directly compared 
together ; and this was proved by the contact of lime with 
crystals of oxalic acid, when the lime exhibited the character 
of positive, and the acid of negative electricity. It appears, 
therefore, that the electric equilibrium of bodies which have 
a strong affinity for each other, is readily disturbed by mere 
contact ; and Sir H. Davy conceives that the opposite ener- 
gies which are then manifested are inherent in them at all 
times. 

The author of this ingenious view not only applies it to 
explain the chemical agency of the Voltaic apparatus, but has 
founded upon it an hypothesis concerning the nature of affi- 
nity. He suggests that chemical attraction and the pheno- 
mena of electricity are owing to the same cause, that the same 
power which communicates attractive and repellent properties 
to masses of matter, will, when acting upon the ultimate par- 
ticles of different bodies, induce them either to separate or 
combine, according as their natural electric energies are the 
same or different. Thus, since hydrogen is naturally po- 
sitive and oxygen negative, they will have a tendency to 
enter into combination ; but if the oxygen: could be brought 
by any artificial means into the same electric condition as the 
hydrogen, no combination would ensue between them; or if al- 
realy combined, they would instantly separate., The decompo- 
sition of water would also be effected by the presence of a third 
substance whose negative energy exceeds that of oxygen. A 
Voltaic pile would have a similar effect provided the electric 
condition of its poles was more intense than that of the sub- 
staifices submitted to its action. 

Bit, though this hypothesis: applies to chemical changes 
very satisfactorily, and coincides with the laws of affinity, it 
would nevertheless be premature, as Sir H. Davy himself 
admits, to place entire confidence init. For there is no proof 
that chemical attraction is owing to the cause supposed ;. nor 
is it established with certainty that bodies do possess natural 
electric energies: It does not follow, because they exhibit 
signs of aeetn ic excitement after contact, that they naturally 
possess one kind of electricity rather than another. A‘s well 
might it be argued that a’common stick of sealingwax is na- 
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-tufally negative, because it is excited negatively by friction, 
»a mode of reasoning which is in opposition to the facts exhi- 
bited; by electrical action. Another circumstance which seems 
‘unfavourable to the hypothesis, is the well-known fact, that 
sone and the same substance is positive to some bodies and 
Megative to others, ; : . y “to 
Whatever may be the fate of the alédisihoHibsblcat biypo- 
-thesis, it has conducted Sir H. Davy to one of the most bril- 
liant discoveries ever made in chemistry. Regarding all com- 
pounds as constituted of oppositely electrical elements,. he 
conceived that none of them could resist decomposition, if 
they were exposed to a battery of sufficient intensity ; and 
-he accordingly subjected substances to its action, which till 
then had been regarded as simple, expecting that if they 
were compounds, they would be resolved into their elements. 
‘The. result exceeded his expectations. The alkalies: and 
earths were decomposed ; a substance with the aspect and pro- 
perties of a metal appeared at the negative pole, while oxygen 
was disengaged at the positive surface, (Phil. Trans. for 
1808.) . 

The same views have been seiplivd snpdeashelly on a very 
recent, occasion. It has been long known that the copper 
sheathing of vessels oxidizes very readily in sea water, and 
consequently wastes with such rapidity as to require frequent 
renewal. Sir H. Davy observed that the copper derived. its 
oxygen from atmospheric air dissolved in the water, and that 
the oxide of copper then took muriatic acid from the soda and 
magnesia, forming with it a submuriate of the oxide of cop- 
per. Now if the copper did not oxidize, it could not combine 
with muriatic acid; and according to Sir H. Davy, it: only 
combines with oxygen, a negative electric, because it is in a 
state of positive electricity, which is natural to it. If there- 
fore the copper could by any means be rendered: negative, 
then the copper and the oxygen, being both in the same 
electrical condition, would have no tendency to unite. The 
object then was to render copper permanently negative: Now 
this is done by bringing copper in contact with zine or iron; 
for the former then becomes negative, and the latter positive. 
Acting on this idea, it was found that the oxidation of the 
copper might be completely prevented. A piece of zinc as large 
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as a pea, or the head of a small-round nail, was found fully 
adequate to preserve forty or fifty square inches of copper ; 
and this wherever it was placed, whether at the top, bottom, 
or middle of the sheet of copper, or under whatever form it 
was used. And when the connexion between different pieces 
of copper was completed by wires, or thin filaments of the 
40th or 50th of an inch in diameter, the effect was the same ; 
every side, every surface, every particle of the copper re- 
mained bright, whilst the iron or the zinc was slowly corrod- 
ed.. Sheets of copper defended by 1-40th to 1-1000th part 
Of their surface of zinc, malleable and cast-iron, were expos- 
ed during many weeks to the flow of the tide in Portsmouth 
harbour, and their weight ascertained before’ and after the 
experiment. When the. metallic protector was from 1-40th 
to 1-150th there was no corrosion nor decay of the copper; 
with smaller quantities, such as 1-200th to 1-460th, the cop- 
per underwent a loss of weight which was greater in propor- 
tion as the protector was smaller; and asa proof of the uni- 
versality of the principle, it was found that even 1-1000th 
part of cast-iron saved a certain proportion of the Te 
(Phils Trans. for:1824.) 

It is remarkable that the copper must. not. be rendered? too 
strongly negative, otherwise the positive electric bodies, such 
as magnesia and lime, separate from the water during ‘these 
electro-chemical changes, adhere to the copper, and form a ni- 
dus for sea-weeds and shell-fish. | This happens when there is 
1-35th to 1-80th of the protecting metal. With 1-150th no 
such deposites were noticed. From some further observations 
made by Sir H. Davy in the’Phil. Trans. for 1825, there re- 
mains no doubt.that the protecting process may be applied’ to 
ships'on actual service with great advantage: ' rey 

. These principles may be usefully applied on other occa 
sions. One obvious application of the kind, suggested by Mr. 
Pepys, is to preserve iron or steel instruments from rust by con- 
tact with a piece of zinc. The iron ‘or steel is thereby ren 
dered negative, while the zinc, being positive, oxidizes: with 
increased: rapidity, | 

The best arrangement for exhibiting the shanstind agency 
of galvanism is a battery composed of .an extensive ‘seriés- of 
small plates: No advantage'is derived from using plates of'a 
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large’ size, since the decomposing power of the Voltaic, appa: 
ratus is dependant on the number of the plates rather than 
on their dimensions... The enormous battery of Mr. Children 
decomposed water very. slowly., An: acid solution should be 
employed for exciting the battery, and its strength sbould be 
such as to cause a tacaberhtcs long-continued: action, in . pre- 
ference to a violent and temporary one... Any of the.strong- 
er acids, as the nitric, sulphuric and muriatic, may be used for 
the purpose ; but the last produces the most permanent:effect, 
and'is therefore preferable. The proportion: should, be one 
part of acid to 16 or 20 of water; or if the series.is.extensive, 
the acid may be still farther diluted with advantage, .. 

III. The conditions necessary for igniting metallic wires or 
charcoal by the battery. are different from:those which;have 
been recommended for procuring its other effects. Their 
ignition seems to arise from the electricity passing along them 
with difficulty ; which, .as they are. perfect conductors, can 
take place only when the quantity to be transmitted is out, of 
proportion to the extent of surface along which it has to pass, 
Iteis therefore an object to.excite as large a quantity of ;elec- 
tricity in‘a given time:as possible, and for this purpose avery 
few large plates answer. better than a great many small ones, 
UA strong acid solution may also be. used ;, for,an energetic 
action, though of short duration, is more: important, than, a 
moderate one of. greater permanence. . With tip Ini ania 
nitric acid may be employed with advantage. 

IV,:'The power: of lightning in destroying and reversing 
the polarity of a. magnet, and. of communicating, magnetic 
properties to pieces of iron which did not. previously possess 
them,'has been known for) some years, and had, led to the 
supposition’ that) similar, effects might. be. produced. by ,the 
common electrical, or galvanic apparatus..| Attempts .were 
accordingly made |to. communicate, the; magnetic virtue by 
means of electricity or galvanism 5 but-ho results. of import: 
ance were. obtairied till) the winter of 1819; when, Professor 
Oersted. of | Copenhagen' made, his famous, discovery, which 
forms the basis of a new branch of science called electra+ 


magnetism. 
_ The fact observed die Professor Oetated was, t that an elec- 
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tric current, such as is supposed to pass from the positive to 
the negative pole of a Voltaic battery along a wire which con- 
nects them, causes a magnetic needle placed near it to de- 
viate from its natural position, and assume a new one, the 
direction of which depends upon the mode of conducting the 
experiment. On placing the wire above the magnet and. pa- 
rallel to it, the pole next the negative end of the battery al-+ 
ways moves westward, and when the wire is placed. under, 
the needle, the same pole goes towards the east. - If the wire 
is on the same horizontal plane with the needle, no declina- 
tion whatever takes place; but the magnet shows a disposi- 
tion to move in a vertical direction, the pole next the nega~ 
tive side of the battery being depressed when the wire is to 
the west of it, and elevated when it.is placed on the. east 
side. , 
The extent of the declination occasioned by a battery de- 
pends upon its power, and the distance of the connecting 
wire from the needle. If the apparatus is powerful, and the 
distance small, the declination will amount to an angle of 45°. 
But 'this deviation does not give an exact idea of the real ef- 
fect which may be produced by galvanism ; for the motion of 
the magnetic needle is counteracted by the magnetism: of the 
earth. When the influence of this. power. is destroyed’ by 
means of another magnet, the needle will place itself directly 
across the connecting wire; so that the real tendency of,.a 
magnet is to stand at right angles to an electric current. 

_ The communicating wire is also capable of attracting and 
repelling the poles of a magnet. If, when the magnet and 
connecting: wire are at right angles to each other, the latter 
passing across the centre of the former,.the wire be. moved 
along the needle towards either extremity, attraction will take 
place between the wire and the adjacent pole: and this. wall 
occur though the same point of the wire should be presented 
in succession to both of the poles, | Again, if the position of 
the poles of the needle be reversed, they will be repelled, by 
the same point of the wire which. had eprenih yh attracted 
them.* [Bo e..2Ort BIC» WS 10 AC ib aaa: 


~ * The.clearest statement of, this. fact which I have seen is in mn historical 
sketch of Electro-magnetism by Mr. Faraday. (Annals of Philosophy. anew 
Series, vol. ii.) 
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© This discovery was no sooner announced, than the experi- 
ments were repeated and varied by philosophers in all parts 
of Europe, and, as was to be expected, new facts were speedi- 
ly brought ‘to light. Among the most successful labourers 
in this field, M. M. Ampére, Arago, and Biot of Paris, and 
Sir H. Davy and Mr. Faraday in this country, deserve to be 
particularly mentioned. 

‘M. Ampére observed) that the Nibitedd apparatus itself acted 
on’a magnetic needle placed upon or near it in the same man- 
ner as the wire which united its two extremities: But the 
declination was found to occur only when the opposite ends 
of the battery were in communication, and ceased entirely as 
soon as the circuit was. interrupted,—a difference which was 
suppossed to arise from the passage of an uninterrupted elec- 
tric current through the apparatus, as along the connecting 
wire, taking place in the first case, and not in the second. M; 
Ampére therefore proposed the magnetic needle as an instru- 
ment for discovering the existence and direction of an electric 
current, (or currents according to the theory of the two elec- 
tricities) as well as for pointing out the proper state and fit- 
ness of a galvanic epee for ‘electro-magnetic experiments 
in general. : 

M. Ampére soon after sieved that a power of attrac. 
‘tion’ and repulsion might be communicated by an’ ‘electric 
current alone, without the use of a magnet. Two wires 
of copper, brass, or any other metal, placed parallel to one 
another, and suspended so as to move freely, were connect- 
‘ed with the opposite poles of a galvanic apparatus. If 
the electric’ current passed along both wires in the same — 
direction, they attracted one another ; if in an opposite direc- 
tion, they repelled each other. The result of this experiment 
gave rise to the supposition that the magnetic property was 
actually communicated to the wires: by the electric current; 
and this supposition was confirmed by M. Arago, who found 
that iron filings were attracted by a wire placed in the Voltaic 
circuit, and that they all feil off when the communication be- 
tween the poles was interrupted. This fact was also discover= 
ed ‘about the same time by Sir H. Davy, who has minutely 
described his experiments: in a pene an the panda 
Transactions for 1621; 9 vr 
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The communication of temporary magnetic properties to 
the common metals naturally led to an attempt to magnetize 
steel and iron permanently by the same agent. The experi- 
ment was made by M. Arago and: Sir.H. Davy about the 
same time, and both of them were successful. Sir H. Davy 
attached steel needles to the connecting wire, some parallel to 
it, and others transversely. The former merely acted as.a 
part of the circuit; they did not possess poles, and lost. their 
power of attracting iron filings as soon as the electric current 
ceased to circulate through them. But the latter acquired a 
north and south pole, and preserved the property after separ; 
ation from the wire. M. Arago at first operated in a similar 
manner ; but, at the suggestion of M. Ampére, he made the 
connecting wire into the form of a spiral or helix, and placed 
the needle to be magnetized 1 in the centre of it. By this ar- 
rangement the maximum effect was obtained in a shorter time 
than by any other method. Sir H. Davy also rendered a 
a needle magnetic by placing it across a wire, along which 
a charge from a common) Leyden battery was transmitted, 
This. series of experiments: was completed by M. Ampére’s 
discovery, that a connecting: wire, suspended so as to have 
perfect freedom of motion, was influenced by the magnetic 
attraction of the earth. 

For the next fact of importance, science is itickelotidee to. the . 
researches of Mr. Faraday. He ascertained that the action 
of the connecting wire on the direction of a magnet, was» not. 
owing 'to any attraction or repulsion exerted between them, 
but to a tendency they have to revolve round each other. He 
contrived an apparatus, (Quarterly J ournal,» vol. -xib.) by 
means of which either pole of a magnet was made: to revolve 
round the wire asa fixed point 5 and then, by fixing the wire, 
and giving free motion to the magnet, both poles of the latter 
were made to revolve in succession round the former. 

He was also: successful in’ causing the wire to revolve by 
the influence of the magnetism of the earth.. i revtt aaels 

- These magnetic properties of the Voltaic apparatus, ‘which 
form thé basis of the new’ science called electro-magnetism, 
were discoveted soon after .the: original experiments of Oer- 
sted were made known: to; the public. :: Other. facts. of)an- 
terest have since been observed, and some/ingenious general 
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views have been proposed: to account for allthe phenomena; 
‘but ‘as a fulldiscussion ‘of electro-magnetism would Jead into 
‘details: too minute for an elementary treatise, I must refer 
the reader, who may wish for moreample information, to works 
written professedly on the subject. In addition to the papers 
‘already alluded: to, the “Recueil d’Observations Electro- 
‘dynamiques” by M. Ampére, and the second edition of M. 
Barlow’s: Essay on Magnetic Attractions, . will be consulted 
with much advantage. : 


ON THE THEORY OF THE PILE, 
There are three theories concerning the action of the Voltaic 

pile or battery. © The first: originated with Volta, who con- 

ceived that the electricity was set in motion, and the supply 

kept up, solely by the contact of the metals: He regarded 

the interposed ‘solutions merely as conductors, by means of 
which the electricity, developed by each pair of plates, was 

conveyed from one part of the apparatus to the other. » 

- Volta, in forming his theory, left out of view: the chemical 
changes going on between the metals and the fluids in con- 

tact with them whereas it was apparent that these changes 

constituted an important, if not an essential, part of the pro- 

cess, For it was observed that no sensible effects were pro- 

duced *by a combination formed of ‘substances: which have no 

chemical action’on each other; that the action of the pile is 

always accompanied. by the oxidation of the zinc; and that 

its energy is almost im exact proportion to the rapidity with 

which the oxidation takes place. ‘These observations induced 

Dr. ‘Wollaston to conclude that the process begins with the 

oxidation ‘of the zinc—that the oxidation is the primary cause 

of the electric phenomena ; and he published ‘several inge-. 
nious experiments in the Philosophical ‘Transactions for 1801 

in support of his opinion. This forms the second ‘theory :of 
the pile, and:is in direct opposition to that.of Volta...) 4) 

The third theory is intermediate between the two others, and 

was proposed by Sir H. Davy. He inferred from numerous» 
experiments, that there-is no reason to question the fact, ori- 

ginally stated by Volta, that the electric equilibrium is dis- 

1 
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turbed by the contact of different substances without. any 
chemical action taking place between them; and his conclu- 
‘sions appear to be justified by subsequent observers. But 
he perceived, at the same time, that the chemical changes, 
though not the primary cause of the phenomena, are an es- 
sential part of the process; that without them no considerable 
degree of galvanic excitement can ever. be produced. In his 
opinion, therefore, the action is commenced by the contact of 
the metals, and kept up by the chemical phenomena. 

The mode in which Sir H. Davy conceives the chemical 
changes act, is by restoring the electric equilibrium when- 
ever it is disturbed. By the contact of the zinc and copper 
plates, the former is rendered positive throughout the whole 
series, and the Jatter negative ; and by means of the conduct- 
ang fluid with which the cells are filled, the positive electri- 
city accumulates on one side of the battery, and the negative 
electricity.on the other... But the quantity of electricity, thus 
excited, would not be sufficient, as is maintained, for causing 
an energetic action. For this effect, the electric equilibrium 
of each pair of: plates must: be restored as soon as it is dis- 
‘turbed, in order that they should be able to furnish. an addi- 
tional supply of electricity: The chemical substances of the 
solution are supposed to effect that object. in the) following 
manner. The negative ingredients of the liquid, such as 
oxygen and. the acids, pass over to the zinc; while the hy- 
drogen and the alkalies, which are positive, go to the copper ; 
in consequence of which, both the metals are for thé mo- 
ment restored to their natural condition. But as the contact 
between them continues, the equilibrium is no sooner restored 
than it is again disturbed; and when, by a continuance of 
the chemical changes, the zinc and copper recover their na- 
tural, state, electricity is again developed by a continuance 
of the same condition by which. it was excited in the first in- 
stance. In this way Sir H. Davy explains why chemical:ac- 
tion, though not essential to the first. development: of elec- 
tricity, is sine for enabling the Voltaic appaaiaatl to act 
with ited | . 
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In teaching a science, the’ details of which are numerous 
and complicated, it would be injudicious to follow the order 
of discovery and proceed from the individual facts to the con- 
clusions which have been deduced from them. An opposite 
course is indispensable. It is:necessary to discuss the general 
principles in ‘the first instance, in order to aid the beginner in 
remeinbering the insulated facts, and eri geeeniiiay: — ex- 
planations connected ‘with them. 

This’ necessity is in no case -more sensibly felt than in the 


moa of chemistry, and for this reason’ I shall commence’ the 


second: part of’ the work by explaining the leading doctrines 
of the science. One inconvenience, indeed, does certainly 
arise from this method. It is often necessary, by way of’ il- 
lustration, to refer to facts of which the beginner is ignorant; 


and therefore on some’ occasions more’ knowledge: will»be re- 


quired for‘understanding a subject fully, than the readermay 
have at his command. But these instances will} itis hoped, 
be rarely met with; and when: they do occur, the reader ‘is 
advised to quit the point of difficulty, and return to the study 
of it; when he shall have Lan more extensive eh Ne 
of the details. . | 
- To the chemical history bf nels substatice i its chief physical 
cheieetord will be'added:' A knowledge of these properties 
isnot only advantageous in assisting the chemist to distinguish 
one body from another, but in many instances is put to uses 
still’ more important: «The specific’ gravity:im particular! is of 
great consequence; and as this expression will hereafter: be 
used in almost every page, it will be proper, befere proceeds 
ing farther, to explain the meaning of it. Equal bulks of 
different substances, as a cubic inch of gold, silver, ‘tin and 
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water, differ more or less in weight : their densities are diffe- 
rent; or in other words, they contain different quantities of 
ponderable matter in the same space. The tin will weigh 
eight times more than the water, the silver about ten times and 
a half, and the gold upwards of 19 times more than that fluid. 
The density of all solids and liquids may be determined in 
the same manner ;. and if they, are compared with an equal 
bulk of water as a standard of comparison, a series of num- 
bers will be obtained, which will show the comparative den- 
sity or specific gravity, as it is called, of all of them. 

The process for determining specific gravities is therefore 
sufficiently simple. . It consists in weighing a body carefully, 
and then determining the weight of an equal bulk of water, 
the latter being regarded as unity. If, for example, a por- 
tion of water weighs nine grains, and the same bulk of another 
body 20 grains, its density is determined by the formula, as 
9: 20: : 1 (the specific gravity of water) to the fourth pro- 
portional 2.2222; so that the specific gravity of any sub- 
stance is found by dividing its weight by the weight of ‘an 
equal voiume of water, . It is easy to discover the weight of 
equal bulks of water and any other liquid by filling a small 
bottle of known | weight with each successively, and weigh- 
ing them. * The method of obtaining ‘the necessary data 
in case of a solid is somewhat different. The body is-first 
weighed in air, is next suspended in water by means of 
a hair attached to the scale of the balance, and is then 
weighed again. ‘The difference gives the weight of a quan- 
tity of water equal to the bulk of the: solid... Or the bottle 
recommended for taking the specific gravity of liquids may, be 
employed. After’ weighing the bottle filled with water, a 
known weight of the solid is put into it, which of course ‘dis- 
places a quantity of water precisely equal to its own volume. 
The exact weight of the displaced water is found by weigh- 
ing the bottle again, after having wiped the outside of it with 
a‘dry cloth. pew HO 

The determination of the specific gravity of gaseous sub- 
stances is an operation of much greater delicacy. . From the 
extreme lightness of gases, it would be inconvenient to com- 


| * Bottles are prepared. for this purpose by the Philosophical Instrument- 
makers. uff 
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pare them with)an equal bulk of water, and therefore atmo- 
spheric air.is taken as the standard of comparison. The first 
step of the process is to ascertain the weight of a given volume 
of air. This is done by weighing a very light glass flask, 
furnished with a good stopcock, while full:of air; and: then 
weighing it a second time, after the air has been withdrawn: 
by means of the air-pump.’ The difference between the two 
weights gives the information required... According to the ex- 
periments of Sir.George Shuckburgh, 100 cubic inches:of pure 
and dry atmospheric air, at the temperature of 60° F. and 
when the barometer stands at 30 inches, weigh precisely 30.5 
grains, By a similar method the weight of any other gas may 
be determined, and its specific gravity be inferred accordingly: 
Thus, suppose 100 cubic inches of oxygen are found to weigh 
33,888 grains, its specific gravity will be thus deduced ; as ; ; 
5: 33.888: +: 1 (the sp. gr..of air): 1.1111 the sp. gry 
of oxygen. 
There are four circumstances to which particular atten- 
tion must be paid in taking the specific gravity of gases!) 
»1. The gas should be igiorted piney otherwise the: reves 
cantiot be accurate. . | ioM 
- 2. Due regard must be | ‘had ae awn scrisitiesia coal 
If i it is saturated with, moisture, the necessary. correction may 
be made for that circumstance by the formula page 58 ; or it 
may be dried by. the use of substances, which have a power- 
ful attraction for moisture, such: as the chloride. of entctatts 
quicklime, or fused potash,. , | . 
8. As the bulk of gaseous slitiniices owing to their ollie 
ticity and, compressibility, 1s dependant. on tlie pressure to 
which they are exposed, no two,observations would admit of 
comparison, unless they were made under the same elevation of 
the barometer. It 1s always understood, in taking the specific 
gravity of a gas, that the barometer: must stand. at 30 inches, 
by which means the operator is certain that) each gas.is sub- 
ject to equal degrees of compression. An elevation of 30 
inches is therefore called the standard height ; and if the mer- 
curial column be not.of that length at the time of performing, 
the experiment, the error arising from this cause must be 
_ corrected: by calculation. .It has been established by careful 
sonia that the bulk of eases is essen as the — 
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Thus, 100 measures of air under the pressure of a thirty, 
inch column of mercury, will dilate to 200 measures, if the 
pressure be diminished by one half; and will be compressed 
to 50 measures, when the pressure is equal to a mercurial 
column of 60 inches. The correction for the effect of pres- 
sure may therefore be made by the rule of three, as will 
appear by an example. If a certain portion of gas occupy 
the space of 100 measures at 29 inches of the barometer, 
its bulk at 30 inches may be obtained by the following pro- 
portion ; as 
30: 29:: 100: 96.66. 

4. For a similar reason the temperature should Aven bs 
the same. The standard or mean temperature is 60° F.; and 
if the gas be admitted into the weighing flask when the ‘thevd 
mometer is above or below that point, the formula of page 
26 should be employed for. making the necessary correc-. 


tion. 


Chemistry is indebted for its nomenclature to the labours 
of four celebrated chemists, Lavoisier, Berthollet, Guyton- 
Morveau, and Fourcroy. The principles which guided them 
in its construction are exceedingly simple and ingenious. 
The known ‘elementary substances and the more familiar 
compound ones were allowed to retain the appellations which: 
general usage had assigned to them. ‘The newly discovered: 
elements were named from some striking property. «Thus, 
as it was supposed that acidity was always owing’ to the pre- 
sence of the vital air discovered by Priestley and’ Scheele, 
they gave it the name of oxygen, derived from ‘two Greek 
words signifying generator of acid ; and they called inflam- 
mable air hydrogen, from the circumstance of its entering into: 
the composition of water. | 

Compounds with: which oxygen forting a fpaee were called: 
acids or oxides according as they do or do not possess acidity. : 
An oxide of iron or copper signifies a combination of those, 
metals with oxygen, which has no acid properties. The name: 
of an acid was derived from the’ substance acidified by the? 
oxygen, to which was added ‘the: termination. in ic. ‘Thus,’ 
sulphuric and carbonic acids signify acid compounds of ‘sul 
phur and carbon with oxygen gas.) If sulphuror any other: 
body should form two acids, that which ‘contains the least quan- 
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tity of oxygen.is made to terminate in ows, as sulphurous acid. 
‘The termination in wret was intended.to denote combinations 
of the simple non-metallic substances either with one an- 
other, with a metal, or with a metallic oxide. Sulphwret¢ and 
carbureét of iron, for example; signify compounds of. sulphur 
and: carbon with iron. The different oxides-or sulphurets of 
the same substance were distinguished from, one another by 
some epithet, which was. commonly derived: from the, colour 
of the compound, such as the black and red oxides of iron, the 
black and red sulphurets of mercury. Though this practice is 
still continued occasionally, it is now more customary to distin- 
guish degrees of oxidation by the use of derivatives from the 
Greek. Protoxide signifies the first. degree of oxidation, 
deutoxide the second, tritoxide the third, and: peroxide the 
highest. ‘The sulphurets, carburets, &c. of the same sub- 
stance are designated in a similar way. ‘The combination of 
acids with alkalies, earths, or metallic oxides, were termed 
salts, the names of which were so contrived as to indicate the 
substances contained in. them.. If the: acidified substance 
contains a maximum of oxygen, the name of the salt termin- 
ates in ate ; if a minimum, the termination in ite is employed. 
Thus, the sulphate, phosphate,: and ‘arseniate, of , potash, are 
salts of sulphuric, phosphoric, and. arsenic: acids; while the 
‘terms sulphate, phosphize, and arsenite of potash, denote com- 
binations of that alkali with the suphurows, phosphorous, and 
arsenious acids. it 

The advantage of a nomenclature which: disposes the dif- 
ferent parts of a science in so systematic an order, and gives 
‘such, powerful assistance to the memory, is incalculable... The 
principle has been acknowledged: in all. countries where. che- 
mical science is cultivated, and the minutest details of it have 
been adopted in Britain. It must be admitted, indeed, 
that some parts of it are defective. The erroneous idea of | 
oxygen being the general acidifying principle, has exer- 
cised an injurious influence over the whole structure. It 
would have been convenient also to have had a different 
name for hydrogen. But it is now too late to attempt a 
change; for the confusion attending such an innovation 
would more than counterbalance its advantages. ‘The ori- 


ginal nomenclature has therefore been preserved, and such 
: H 


98 PRELIMINARY REMARKS. 


additions made to it as the progress of the science ren- 
dered necessary. ‘The most essential improvement has been 
suggested by the discovery of the laws of chemical combina- 
tion. The different salts formed of the same constituents 
were formerly divided »into neutral, super, and sub-salts. 
They were called neutral if the acid and alkali are in the 
proportion for neutralizing one another; super-salts, if the 
acid prevails ; and sub-salts, if the alkali is in excess. The 
name is now regulated by the atomic constitution of the 
salt. If it be a compound of one atom of the acid to one 
atom of the alkali, the generic name of the salt is employed 
without any other addition ; but if two or more atoms of the 
acid be attached to one of the base, or two or more atoms of 
the base to one of the acid, a numeral is prefixed so as to 1n- 
dicate its composition. The two salts of sulphuric acid and 
potash are called sulphate and Ji-sulphate ; the first contain- 
ing one atom of the acid to one atom of the alkali, and the 
latter, two of the former to one of the latter. The three salts 
of oxalic acid and potash are termed the oxalate, dinoxalate, 
and guadroxalate of potash ; because one atom of the alkali is 
united with one atom of acid in the first, with two in the se- 
cond, and with four in the third salt. As the numerals which 
denote the atoms of the acid in a super-salt are derived from 
the Latin language, Dr. Thomson proposes to employ the 
Greek numerals, dis, tris, tetrakis, to signify the atoms of 
alkali in a sub-salt. 

This method is in the true spirit of the original framers of 
our nomenclature. Chemists have already begun to apply 
the same principle to other compounds besides salts; and 
there can be no doubt that it will be applied universally 
whenever our knowledge shall be in a state to admit of it. 


AFFINITY. 99 


SECTION I. 


AFFINITY. 


wee chemical sip alie are owing to Affinity or chemical 
attraction, It is the basis on which the science of chemistry 
ys founded. It is; as it were, the instrument which the 
chemist employs im all his operations, and hence’ forms the 
first and leading object of his study. 

Affinity is exerted between the minutest particles of differ- 
ent kinds of matter, causing them to combine so as to fofm 
new bodies endowed with new properties. It acts only at in- 
sensible distances; in other words, apparent contact, or the 
_ closest proximity, is necessary to its action. Every thing 
which prevents such contiguity isan obstacle to combina- 
tion, and any force which increases the distance between par- 
ticles already combined, tends to separate them permanently 
from each other. In the first case, they do not come within 
the sphere of their mutual attraction; im the second, they 
are removed out of it. It follows, therefore, that though af- 
finity is regarded as a specific power distinct from the other 
forces which act on matter, its action may be promoted, mo- 
dified, or counteracted by several circumstances ; and conse- 
quently, in studymg the phenomena produced. by affinity, it 
is necessary to begin by inquiring imto the conditions that 
influence its operation. ‘ 

The most simple instance of the exercise of chemical at- 
traction is afforded by the mixture of two substances with 
one another. Water and sulphuric acid, or water and alco- 
hol, combine readily. On the contrary, water shows little 
disposition to unite with sulphuric ether, and still less with 
oil ; for however intimately their particles may be mixed to- 
geiher, they are no sooner left at rest than the ether separ- 
ates almost entirely from the water, and a total separation 


takes place between that fiuid and the oil. Sugar dissolves 
4: 
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very sparingly in alcohol, but to any extent in water; while 
camphor is dissolved in very small quantity by water, and 
abundantly by alcohol. It appears, from these examples, 
that chemical] attraction is exerted between different bodies 
with different degrees of force. There is sometimes no proof 
of its existence at all; between some substances it acts very 
feebly, and between others with great energy. 

Simple combination of two principles is a common oc- 
currence. The solution of salts in water, the combustion 
of phosphorus in oxygen gas, and the neutralization of a pure 
alkali by an acid, are instances of the kind. The phe- 
nomena however are often more complex. It frequently 
happens that the formation of a new compound is attend- 
ed by the destruction of an existing one. The only con- 


dition necessary for this effect is the presence of some third 


body which has a greater affinity for one of the elements 
of a compound than they: have for one another. ‘Thus, 
oil has an affinity for the volatile alkali, ammonia, and will 
unite with it,. forming a soapy substance called a: liniment. 


‘But the ammonia has a still greater attraction for sulphuric 


acid; and hence if the acid. be added to the liniment, the alkali 
will quit the oil, and unite by preference with the acid. Ifa so- 
lution of camphor in alcohol be poured into water, the camphor 
will be set free, because the alcohol combines with the water. 


‘Sulphuric acid, in like manner, separates baryta from mu- 


riatic acid. Combination and decomposition occur in each 
of these cases ;—combination of the sulphuric acid with the 
ammonia, of the water with the alcohol, and of the baryta 
with the sulphuric acid ;—decomposition of the compounds 
formed of the oil and ammonia, of the alcohol.and camphor, 
and of the muriatic acid and baryta. ‘These are examples ot 
what Bergmann called single elective affinity ;—elective, be- 
cause a substance manifests, as it were, a choice for one of 
two others, uniting with it by preference, and to the exclu- 
sion of the other.. Many of the decompositions that occur 
in chemistry are instances of single elective affinity. 

The order in which these decompositions take place has 
been expressed in tables; of which the following, drawn up 
by Geoffroy, is an example :— 


id 
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Sulphuric Acid. 


Baryta, 
Strontia, 


Potash, 


Soda, | Y eal 


Lime, 
Ammonia, 
Magnesia. 

This table signifies, first, that sulphuric acid has an afli- 
nity for the substances placed below the horizontal line, and 
can therefore unite separately with each of them ; and, se- 
condly, that the base of the salts so formed will be separated 
from the acid by adding any of the alkalies or earths which 
stand above it in the column. Thus ammonia will separate 
magnesia, lime ammonia, and potash lime; but none of 
them can withdraw baryta from sulphuric acid, nor can am- 
monia or magnesia decompose the sulphate of lime, though 
strontia or baryta will do it. Bergmann conceived that these 
decompositions were solely determined by chemical attraction, 
and that consequently the order of decomposition represent- 
ed the comparative forces of affinity ; and this view, from the 
simple and natural explanation it afforded of the phenomenon, 
was for a time verv generally adopted. But Bergmann was in 
error. It does not necessarily follow, because lime can separate 
ammonia from sulphuric acid, that the lime has a greater at- 
traction for the acid than the volatile alkali. Other causes 
are in operation which modify the action of affinity to such 
a degree, that it is impossible to discover how much of the ef- 
fect is owing to that power. It is conceivable that the am- 
monia may in reality have a stronger attraction for sulphuric 
acid than lime, and yet the lime, from the great influence of 
disturbing causes, might succeed in decomposing the sulphate 
of ammonia. 

The justice of the foregoing remark will be madd obvious 
by the following example :—-When a stream of hydrogen gas 
is passed over the oxide of iron heated to redness, it deprives 
the iron of its oxygen entirely, combining with it so as to 


jo 
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form water. On the contrary, when watery vapour is 
brought into contact with red-hot metallic iron, the oxygen 
of the water quits the hydrogen and combines with the iron. 
It follows from the result of the first experiment, according 
to Bergmann, that hydrogen has a stronger attraction for 
oxygen than iron; and from that of the second, that iron 
has a greater affinity for oxygen than hydrogen. But these 
inferences are incompatible with one another. The affinity 
of hydrogen for oxygen rmaust either be equal-to that of iron, 
or greater or less. If the first is the case, then the result 
of both experiments was determined by modifying circum- 
stances; since neither of these substances ought on this sup- 
position to take oxygen from the other. If the second, 
then the decomposition in one of the experiments must have 
been determined by extraneous causes in direct opposition to 
the tendency of affinity, 

To Berthollet is due the honour of pointing out the fallacy 
of Bergmann’s. opinion. He was the first .to show that the 
relative. forces of chemical attraction cannot always be deter- 
mined by observing the order in which substances separate 
each other when in combination, and that the tables of Geof- 
froy are merely tables of decomposition, not of affinity. He 
likewise traced all the various circumstances that modify the 
action of affinity, and gave a consistent explanation of the mode 
in which they operate. Berthollet went eyen a step farther, 
He denied the existence of elective affinity as an invariable 
force, capable of effecting the perfect separation of one body 
from another; he maintained that all the instances of complete 
decomposition attributed to elective affinity are in reality de- 
termined by one or more of the collateral circumstances that 
influence its operation, But here this acute philosopher has 
surely gone too far. Bergmann is admitted to have erred in 
supposing that the result of chemical action is in every 
case owing to elective affinity ; but Berthollet certainly ran 
into the opposite extreme in declaring that the effects former- 
ly ascribed to that power are never produced by it, That 
chemical attraction is exerted between bodies with different 
degrees of energy is indisputable, Water has a much great- 
er affinity for muriatic acid and ammoniacal gases than for 
carbonic acid and sulphuretted hydrogen, and for these than 
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for oxygen and hydrogen. ‘The attraction of lead for oxy- 
gen is greater than that of silver for the same substance. 
The disposition of gold and silver to combine with mercury, 
is greater than the attraction of platinum and iron for that 
fluid. As these differences cannot be accounted for by the 
operation of any modifying causes, we must admit a differ- 
ence in the force of affinity in producing combination. » It is 
equally clear that in some instances the separation of bodies 
from one another can only be explained on the same principle. 
No one, I conceive, will contend that the decomposition of 
hydriodic acid by chlorine, or of sulphuretted hydrogen by 
iodine, is determined by the concurrence of any modifying 
circumstances. 

Affinity is the cause of still more complicated changes than 
those which have been just considered, Ina case of single 
elective affinity, three substances only are present, and two 
affinities are in play. But it frequently happens that two 
compounds are mixed together, and four different affinities 
brought into action. The changes that may or do occur 
under these circumstances are most conveniently studied by 
aid of a diagram,—a method which was first employed, I be- 
lieve, by Dr. Black, and has since been generally practised. 
Thus in mixing together a solution of the carbonate of am- 
monia and muriate of lime, their mutual action may be re-: 
presented in the following manner : 


NOOO 


Carbonic acid _ _ Ammonia 


Muriatic acid __ Lime. 
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Each of the acids has an attraction for both the bases, 
and hence it is possible either that the two salts should con- 
tinue as they are, or that an interchange of principles should 
ensue, giving rise to two new compounds,—the carbonate of 
lime and muriate of ammonia. According to the views of 
Bergmann the result is solely dependant on the comparative 
streneth of affinities. If the affinity of the carbonic acid for 
the ammonia, and of the muriatic acid for the lime, exceed that 
of the carbonic acid for lime, added to that of the muriatic 
acid for ammonia, ‘then will the two salts experience no 
change whatever; but if the latter affinities preponderate, 
then; as does actually happen in the present example, both 
the original salts will be decomposed, and two new ones ge-) 
nerated. 'T'wo decompositions and two combinations take 
place, being an instance of what is called double elective affi- 
nity. Mr. Kirwan applied the terms quiescent and divel-' 
lent to denote the tendency of the opposing affinities, the ac- 
tion of the former being to prevent a change, the latter to 
produce it. 

The doctrine of double elective affinity was assailed by 
Berthollet on the same ground ‘and with the same success as 
in the case of single elective attraction.. He succeeded in 
proving ‘that the effect cannot always be ascribed to’ the 
sole influence of affinity. For, to take the example already 
adduced, if the carbonate of ammonia decompose the mu- 
riate of lime by the mere force of a superior attraction, 
it is manifest that the carbonate of lime ought never to 
decompose the muriate of ammonia. But if these two 
salts are mixed in a dry state and exposed to heat, double 
decomposition does take place, carbonate of ammonia and mu- 
riate of lime being formed ; and therefore if the change in the 
first example was produced by chemical attraction alone, that 
in the second must have occurred in direct opposition to that 
power. It does not follow, however, because the result is 
sometimes determined by modifying conditions, that it must 
always be so. I apprehend that the decomposition of the 
solid cyanuret of mercury by sulphuretted hydrogen gas, 
which takes place even at a low temperature, cannot be ascrib- 
ed to any other cause than a preponderance of the divellent 
over the quiescent affinities. 


AFFINITY. 105 


ON THE CHANGES THAT ACCOMPANY CHEMICAL ACTION. 


The leading circumstance that characterises chemical. ac- 
tion is the loss of properties experienced by the combining 
substances, and the acquisition of new ones by the product of 
their combination. The change of property is sometimes in- 
considerable. In a solution of sugar or salt in water, and in 
mixtures of water with alcohol or sulphuricacid, the compound 
retains so much of the character of its constituents, that there is 
no difficulty in recognising their presence. But more generally 
the properties of one or both of the combining bodies disap- 
pear entirely. No ingenuity could guess, a priori, that water 
ig a compound body, much less that it is composed of two 
gases, oxygen and hydrogen, neither of which, when uncom- 
bined, bas ever. been compressed into a liquid. Hydrogen 
is one of the most inflammable substances in nature, and yet 
water cannot be set on fire ; oxygen, on the contrary, enables 
bodies to burn with great brilliancy, and yet water extinguishes 
combustion. The alkalies and earths were regarded as simple 
till Sir H. Davy. proved them to be compounds, and certain- 
ly they evince no sign whatever of containing oxygen gas and 
a metal. Numerous examples of a similar kind are afforded. 
by the action of acids and alkalies on one another. Sulphu- 
ric'acid and potash, for example, are highly caustic. The for- 
mer is intensely sour, reddens the blue colour of vegetables, 
and has:a strong affinity for alkaline, substances; the latter 
has a pungent taste, converts the blue colour of vegetables 
to green, and combines readily with, acids. On adding these 
principles cautiously to one another, a compound results call- 
ed a neutral salt, which does not in any way affect the colour- 
ing matter of plants, and in which the other distinguishing 
features of the acid and alkali can no longer be perceived. 
They appear to have destroyed the properties of each tig 
and are hence said to neutralize one another. 

The other phenomena that accompany chemical action are 
changes of density, temperature, form and colour. 

It is observed that two bodies rarely occupy the same space 
after combination which they did separately. In general theiy 
bulk is diminished, so that the specific gravity of the new 
body is greater than the mean of its components, Thus a 
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mixture of 100 equal measures of water and an equal quan- 
tity of sulphuric acid do not occupy the space of 200 mea- 
sures, but considerably less. A similar contraction frequently 
attends the combination of solids. Gases often experience a 
remarkable condensation when they unite. The elements of 
olefiant gas, for instance, would expand to four times the bulk 
of that compound, if they were suddenly to become free, and 
assume the gaseous form. But the ruleis not without excep- 
tion. ‘The reverse happens in some metallic compounds; and 
there are examples of combination between gases alee any 
- change of bulk. 

2. A change of temperature generally accompanies che- 
mical action. Caloric is evolved either when there is a di- 
minution in the bulk of the combining substances without a 
change of form, or when a gas is condensed into a liquid, or 
when a liquid becomes solid. ‘The heat caused by mixing sul- 
phuric acid with water is an instance of the former ; and the 
common process of slaking lime, during which water loses its 
liquid form, in combining with that earth, is an example of 
the second. The rise of ternperature in these cases is obvious- 
ly referable to a diminution in the capacity of the new com- 
pound for caloric; but an intense degree of heat sometimes 
accompanies chemical action under circumstances in which 
an explanation founded on a change of specific caloric is 
quite inadmissible. - At present it is enough to have stated 
the fact ; the theory of it will be discussed under the subject — 
of combustion. The production of cold seldom or never 
takes place during combination, except when the specific ca- 
loric is suddenly increased by the conversion of a solid into a 
liquid, or a liquid into a gas. All the frigorific mixtures act 
in this way. 

3. The changes of form that attend chemical action are ex- 
ceedingly various. ‘The combination of gases may give rise 
to a liquid or a solid; solids sometimes become liquid, or li- 
quids solid. Several familiar chemical phenomena, such as 
explosions, effervescence, and precipitations, are owing to 
these changes. The sudden evolution of a large quantity of 
gaseous matter occasions an explosion, as when gunpowder 
detonates. The slower disengagement of a gas causes effer- 
vescence, as occurs when marble is put into muriatic acid. 
A precipitate is owing to the formation of a new body which 
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happens to be insoluble in the liquid in which its elements 
were dissolved. 

. 4. The colour of a compound is frequently quite different 
from that of the substances which form it. There does not 
appear to be any uniform relation between the colour of a 
body and that of its elements, so that it is not possible to antici- 
_pate the colour of any particular compound by knowing 
the principles which enter into its composition. Iodine, whose 
vapour is of a violet hue, forms a beautiful red compound 
with mercury, and a yellow one with lead. The brown oxide . 
of copper generally gives rise to green and blue coloured salts ; 
while the salts of the oxidey of lead, which is itself yellow, are 
for the most part colourless. The colour of precipitates is a 
very important study, as it often enables the chemist to dis- 
tinguish bodies from one another when in solution. 


ON THE CIRCUMSTANCES THAT MODIFY AND INFLUENCE THE 
OPERATION OF AFFINITY, 


Of the conditions which are capable of promoting or coun- 
teracting the tendency of chemical attraction, the following 
are the most important: cohesion, elasticity, quantity of 
matter, and gravity. To these may be added the agency of 
the imponderables. 


COHESION, 


The first and obvious effect of cohesion is to oppose affinity, 
by impeding or preventing that mutual penetration and close 
proximity of the particles of different bodies, which is essen- 
tial to the successful exercise of their attraction. For this 
reason bodies seldom act chemically in their solid. state; 
their molecules do not come within the sphere of attraction, 
and therefore combination cannot take place, although their 
affinity may in fact. be considerable. Liquidity, on the con- 
trary, favours chemical action; it permits the closest pos- 
sible approximation, while the cohesive power is compara- 
tively so trifling as to oppose no appreciable barrier to affinity, 
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Cohesion may be diminished in two ways, either by mecha- 
nical division, or by the application of heat. The former is 
useful by increasing the extent of surface ; but it is not of it- 
self in general sufficient, because the particles, however mi- 
nute, still retain that degree of cohesion which constitutes so- 
lidity. Caloric acts with greater ‘effect, and never fails in pro- 
moting combination, whenever the cohesive power is a bar- 
rier to it. Its intensity should always be so regulated as to 
produce liquefaction. — It is often enough to liquefy one of the 
substances, as is proved by the facility with which water dis- 
solves many salts and other solid bodies. But it is easy to 
perceive that the cohesive power iggstill in operation : for a so- 
lid is commonly dissolved in greater quantity when its cohe- 
sion is diminished by caloric. The reduction of both sub- 
stances to the liquid state is the best method for ensuring 
chemical action. The slight degree of cohesion possessed by li- 
quids does not appear to causeany impediment to combination; 
for they commonly act as energetically on each other at low 
temperatures, or ata temperature just sufficient tocause perfect 
liquefaction, as when their cohesive power is still further di- 
minished by caloric. It seems fair to infer, therefore, that 
no affinity exists between two bodies which’ do not combine 
when they are intimately mixed in a liquid state. 

The phenomena of crystallization are owing to the ascen- 
dency of cohesion over affinity. When a large quantity of 
salt has been dissolved in water by the aid of heat, a por- 
tion of it separates as the solution cools, because the cohesive 
power of the salt then becomes comparatively too powerful for 
chemical attraction. Its particles begin to cohere together, 
and are deposited as crystals, the process of crystallization 
continuing till it is arrested by the affinity of the liquid. A 
similar change happens, when a solution made in the cold is 
gradually evaporated. . 'The cohesion of the’saline particles.is 
no longer counteracted by the affinity of the liquid, and the 
salt therefore assumes the solid form. | . 

Cohesion plays a still more important part. It sometimes 
determines the result of chemical action, probably even in 
opposition to affinity. Thus, on mixing together two acids 
and one alkali, of which two salts may be formed, one soluble, 
and the other insoluble, the alkali will unite with that acid, 
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with. which it forms the insoluble compound, to the total ex- 
clusion of the other. This is one of the modifying circum- 
stances employed by Berthollet to account for the phenomena 
of single elective attraction, and it certainly is applicable to 
many of the instances to be found in the tables of affinity. 
When, for example, muriatic acid, sulphuric acid, and baryta, 
are mixed together, the sulphate of baryta is formed in con- 
sequence of its insolubility.. Lime, which forms an insoluble 
salt with carbonic acid, separates that acid from ammonia, 
potash, and soda, with all of which it maKes soluble com- 
pounds. f ‘ 

A similar explanation: may be given of many cases of 
double elective attraction. If four substances, A, B, C, D, 
are mixed together in solution, of which it is possible to form 
four compounds, AB, CD, or AC, BD, that compound 
will certainly be produced, which happens to be insoluble. 
Thus, sulphuric acid, soda, muriatic acid, and baryta, may 
give rise either to sulphate of soda and muriate of baryta, 
or sulphate of baryta and muriate of soda; but the first two 
salts cannot exist together in the same liquid, because the in- 
soluble sulphate of baryta is instantly generated, and. its 
formation necessarily causes. the muriatic acid to combine 
with the soda. In like manner, the muriate of lime is decom- 
posed by the carbonate of ammonia, in consequence of the 
insolubility of the carbonate of lime. 


ELASTICITY. 


From the obstacle which cohesion puts in the way of 
aftinity, the gaseous state in which the cohesive power is 
wholly wanting, might be expected to be peculiarly favour- 
able to’chemical action. ‘The reverse, however, is the fact. 
Bodies evince little disposition to unite when presented 
to each other in the elastic form. Combination does in- 
deed sometimes take place, in consequence of a very 
energetic attraction ; but examples of an opposite kind are 
much more common. Oxygen and hydrogen, and chlorine 
and hydrogen, though their mutual affinity is very powerful, 
may be preserved together for any length of time without 
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combining. ‘The cause of this is obviously the distance be- 
tween the particles preventing that close approximation which 
is sO necessary to the successful exercise of affinity. Herice 
many gases cannot be made to unite directly, which never- 
theless combine readily while in their nascent state ; that is, 
while in the act of assuming the gaseous form by the decom- 
position of some of their solid or fluid combinations. : 

Elasticity operates likewise as a decomposing agent. If two 
gases, whose reciprocal attraction is feeble, suffer considerable 
condensation when they unite, the compound will be decom- 
posed by very slight causes. The chloride of nitrogen, which 
is an oily-like liquid, composed of the two gases chlorine and 
nitrogen, answers this description completely ; and it is res 
markable for being the most: explosive substance hitherto diss 
covered. A shght elevation of temperature, by increasing 
the natural elasticity of the two gases, or the contact of sub- 
stances which have an affinity for either of them, produces an 
immediate explosion. 

Many familiar phenomena of decomposition are owing to 
elasticity. All compounds that contain a volatile and a fixed 
principle, are liable to be decomposed by a high temperature. 
The expansion occasioned by caloric removes the elements of 
the compound to a greater distance from one another, and 
thus, by diminishing the force of chemical attraction, favours 
the tendency of the volatile principle to assume the form 
which is natural to it. The evaporation of water from a 
solution of salt is an instance of this kind. 

Many solid substances which contain water in a state of 
intimate combination, part with it m a strong heat, in conse- 
quence of the volatile nature of that liquid. ‘The separation 
of oxygen from some metals, by heat alone, is explicable on 
the same principle. 

It appears from these, and some preceding remarks, that 
the influence of caloric over affinity is variable ; for at one 
time it promotes chemical union, and opposes it at another. 
Its action, however, is always consistent. Whenever the co- 
hesive power is an obstacle to combination, caloric favours 
affinity, as by diminishing the cohesion of a solid, or by con- 
verting a solid intoa liquid. As the cause of the gaseous state, 
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on the contrary, it keeps particles at a distance which would 
otherwise unite; or by producing expansion, it teridsto separate 
substances from one another, which are already combined. 
There is one effect of caloric which seems somewhat anoma- 
lous; namely, the combination of gases on the approach of 
flame. The explanation given of it by Berthollet is probably 
correct,—that the sudden dilatation of the gases in the imme- 
diate vicinity of the flame, acts as a violent compressing 
power to the contiguous portions, and thus brings them within 
the sphere of their attraction. . 

Some of the decompositions, which were attributed by 
Bergmann to the sole influence of an elective affinity, may be 
ascribed to elasticity. If three substances are mixed together, 
two of which can form a compound which is less volatile than 
the third body, the last will, in general, be completely driven 
off by the application of heat. The decomposition of muriate 
of ammonia, or the salts of ammonia by lime, or any of the 
pure alkalies or alkaline earths, is an example of it; and for 
the same reason, all the carbonates are decomposed by muri- 
atic acid, and all the muriates by sulphuric acid. This ex- 
planation applies equally well to some cases of double decom- 
position. It explains, for instance, why the dry carbonate of 
lime will decompose the muriate of ammonia by the aid of 
heat; for the carbonate of ammonia is more volatile than the 
muriate, either of ammonia or of lime. 


' QUANTITY OF MATTER. 


TueE influence of quantity of matter over affinity is univer- 
sally admitted. If one body A unites with another body B 
in several proportions, that compound will be most difficult 
of decomposition, which contains the smallest quantity of B. 
Of the three oxides of lead, for instance, the peroxide parts 
most easily with its oxygen by the action of caloric; a higher 
temperature is required to decompose the deutoxide, and the 

.protoxide will bear the strongest heat of our furnaces, with 
out losing a particle of its oxygen. . 

The influence of quantity over chemical attraction may be 

further illustrated by the phenomena of solution. When 
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equal weights of a soluble salt are added in succession toa 
given quantity of water, which is capable of dissolving 
almost the whole of the salt employed, the first portion of 
the salt will disappear more readily than the second, the 
~second than the third, the third than the fourth, and so on. 
The affinity of the water for the saline substance diminishes 
with each addition, till at last it is weakened to such a 
degree as to be unable to overcome the cohesion of the 
salt. The process then ceases, and a saturated solution is ob- 
tained. 

Quantity of site is emplagel advantageously 1 in many 
chemical operations. If, for instance, a chemist is desirous 
of separating an acid from a metallic oxide by means of . the 
superior affinity of potash for the former, he frequently uses 
rather more of the alkali than is sufficient for neutralizing the 
acid. He takes the precaution of employing an excess of 
alkali, in order the more effectually to bring every particle of 
the substance to be decomposed in contact with the decom- 
posing agent. 

But Berthollet has attributed a much greater influence to 
quantity of matter. It was the basis of his doctrine, de- 
veloped in the Statique Chimique, that bodies cannot. be 
wholly separated from each other by the affinity of a third 
substance for one element of a compound; and to explain 
why a superior chemical attraction does not, produce the ef- 
fect which might be expected from it, he contended that 
quantity of matter compensated for a weaker affinity. From 
the co-operation of several disturbing causes, Berthollet per- 
ceived that the force of affinity cannot be estimated with 
certainty by observing the order of decomposition; and’ he 
therefore had recourse to another method. He set out by 
supposing that the affinity of different acids for the same 
alkali is in the inverse ratio of the ponderable quantity of 
each which is necessary for neutralizing equal quantities of 
the alkali, Thus, if two parts of one acid A, and one part 
of another acid B, are required to neutralize equal quantities 
of the alkali C, it was inferred that the affinity of B for C 
was twice as great as that of A. _ He conceived, further, that 
as two parts of A produce the same neutralizing effect as one 
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part of B, the’attraction exerted by any alkali towards the 
two parts of A ought to be precisely the same as for the one 
part of B; and he hence concluded that there is no reason 
why the alkali should prefer the: small quantity of one to the 
large quantity of the other. On this he founded. the prin- 
ciple that quantity of matter compensates for force of attrac- 
tion. 

Berthollet has here obviously confounded two dikes 
namely, force of attraction and neutralizing power, which — 
are really different, and ought to be held distinct. The re- 
lative weights of muriatic and sulphuric acids required to 
neutralize an equal quantity of any alkali, or, in other words, 
their capacities of saturation, areas 37 to 40, a ratio which're- 
mains constant with respect to all other alkalies. The afii- 
nity of these acids will, according to Berthollet’s rule, be ex- 
pressed by the same numbers. But in taking this estimate, 
we have to make three assumptions, all of which are dispu- 
table. There is no proof, in the first place, that muriatic 
acid has a greater affinity for an alkali, such as potash, than 
sulphuric acid. Such an inference would be directly oppos- 
ed to the general opinion founded on the order of decompo- 
sition; and though that order is by no means a satisfactory 
test of the strength of affinity, it would be improper to adopt 
an opposite conclusion without having good reasons for doing 
so. Secondly, were it established that muriatic acid has the 
greater affinity, it does not follow that the attraction of those 
acids for potash is in the ratio of $7 to 40. And, thirdly, 
supposing this point settled, it is very improbable. that the 
ratio of their affinity for one alkali will apply to all others; 
analogy would lead us to anticipate the reverse. Independ- 
ently of these objections, M. Dulong has found that the 
principle of Berthollet is not in accord with the results of ex- 
periment. | 

Though this mode of determining the relative forces af 
affinity cannot be admitted, it is possible that quantity of 
matter may some how or other compensate for a weaker affi- 
nity, and Berthollet attempts to prove it by experiment. 
On boiling the sulphate of baryta with an equal weight of 
pure potash, the alkali is found to have deprived the baryta - 
of a small portion of its acid; and on treating oxalate of 
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lime with nitric acid, some nitrate of lime is generated. 
As these partial decompositions are contrary to the supposed 
order of elective affinity, it was conceived that they were pro- 
‘duced by, quantity of matter acting in opposition to force of 
attraction. But they by no means justify such a conclusion. 
In the decomposition of sulphate of baryta by potash, * no 
care was taken to exclude the atmospheric air during the 
operation: the alkali must consequently have absorbed car- 
bonic acid ;.and itis an established fact that carbonate of pot- 
ash decomposes partially the sulphate of baryta. A similar 
‘omission appears to have been made in the other experiments - 
where decomposition was attempted by pure potash or soda. 
In many instances the result may fairly be attributed to 
other causes. Acids and alkalies have a tendency to unite 
in more than one proportion, and will readily form salts with 
excess of acid or of base when circumstances are favourable 
to their production. ‘This explains why nitrate of potash 
cannot be entirely decomposed by a quantity of sulphuric 
acid which is just sufficient for neutralizing the alkali. The 
sulphuric acid, instead of taking the whole of the potash, 
unites with a part of it, and forms the bisulphate. This)ten- 
dency to the formation of an acid salt accounts for the fact 
quite satisfactorily ; nor is there any reason to infer the co- 
operation of any other cause. Another circumstance that in- 
fluences the result of such experiments, and which Berthol- 
let left out of view entirely, is the affinity of salts for one an- 
other. On the whole, therefore, we may infer that Berthol- 
let has given no satisfactory case in which quantity of matter 
‘is proved to compensate for a weaker affinity. Saline sub- 
stances, indeed, seem ill adapted to such researches. For it 
is impossible in many, if not in most cases, to. decide upon 
the relative strength of attraction of two acids for an alkali, 
or of two alkalies for an acid, which nevertheless is an im- 
portant element'in the inquiry ; and even did we possess such 
knowledge, the influence of modifying circumstances is such, 
that it is difficult to appreciate the share they may have in 
producing:a given effect. 


* Researches into the Laws of Affinity. 
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GRAVITY. 


The influence of gravity is perceptible when it is wished to 
_make two substances unite the:densities,of which are different. 
In a.case of simple solution, a larger quantity of saline matter 
is found at the bottom than at the top of the liquid, unless the 
solution shall have been well mixed su bsequently; to its forma- 
tion. In making analloy of two metals which differ from one 
another in density, a larger quantity of the heavier metal will 
be found at the lower than in the upper part of the compound, 
unless great care be taken to counteract the tendency of gra- 
vity by agitation. This force obviously acts, like the cohe- 
sive power, in preventing a sufficient degree of approxima-~ 
tion, ) 


IMPONDERABLES, 


The influence which caloric exerts over chemical pheno- 
mena, and the modes in which it operates, have been already 
discussed, The chemical agency of galvanism has also been 
described. The effects of light will be most conveniently 
stated in other parts of the work. Electricity is frequently 
employed to produce \the combination of gases with one an- 
other, and in some instances to,separate them. . It appears to 
act by the heat which it occasions, and therefore on the same 
principle as flame. 


ON THE MEASURE OF AFFINITY. 


As the foregoing observations prove that the order of de- 
composition is not always a satisfactory ‘measure of affinity, 
it becomes a question whether there are any means of de- 
termining the comparative forces of chemical attraction. 
When no disturbing causes operate, the phenomena of de- 
composition afford a sure criterion; but when the conclu- 
sions obtained in this way are doubtful, assistance may be 
frequently derived from other sources. The surest indica- 
tions are procured by observing the tendency of different 
substances to unite with the same principle, under the same 
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circumstances, and subsequently by marking the compara- 
tive facility of decomposition when the compounds so formed 
are exposed to the same decomposing agent. Thus on ex~ 
‘posing gold, lead, and iron, to air and moisture, the iron rusts 
‘with great rapidity, the lead is only tarnished, and the silver 
retains its lustre. It is hence inferred that iron has the 
greatest affinity for oxygen,-lead next, and silver least. This 
conclusion is supported by concurring observations of a like 
nature, and confirmed by the circumstances under which the 
oxides of those metals part with their oxygen. ‘The oxide of 
.silver is reduced by heat only ; and the oxide of lead is de- 
composed by charcoal at a lower temperature than the oxide 
of iron. eF 

It is inferred from the action of caloric on the carbonates 

of potash, baryta, lime, and the oxide of lead, that potash has 
_a stronger attraction for carbonic acid than baryta, baryta 
than lime, and lime than the oxide of lead. The affinity of 
different substances for water may be determined in a similar 
manner. 

Of all chemical substances, our knowledge of the relative 
degrees of attraction of the acids and alkalies for each other 
is the most uncertain. Their action on one another is affect. 
ed by so many circumstances, that it is in most cases impos- 
sible, with certainty, to refer any effect to its real cause. 
The only methods that have been hitherto devised for re- 
medying this defect are those of Berthollet and Kirwan. 
Both of them are founded on the capacities of saturation, and 
the objections which have been urged to the rule suggested 
by the first philosopher, applies equally to that proposed by 
the second. But this uncertainty is of no great consequence 

-in practice. We know perfectly the order of decomposition, 
whatever may be the actual forces by which it is effected. 
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SECTION II, 


ON THE PROPORTIONS IN WHICH BODIES UNITE, AND 
ON THE LAWS OF COMBINATION. 


THE study of the proportions in as bodies unite na- 
turally resolves itself into two parts. The first includes com- 
pounds whose elements appear to unite in a great many pro- 
portions ; the second comprehends those the elements of 
se combine in a few propor tions only. 

. The compounds contained in the first division are of 
ik NC In one, combination takes place unlimitedly in 
all proportions; in the other, it occurs in every proportion 
within a certain limit. The union of water with alcohol and the 
liquid acids, such as the sulphuric, muriatic, and nitric acids, 
are instances of the first mode of combination ; the solutions 
of salts in water are examples of the second. One drop of 
sulphuric acid may be diffused through a gallon of water, or 
a drop; of water through a gallon of the acid ; or they may be 
mixed together,in any intermediate proportions, and in each 
case they appear to unite perfectly with one another. A hun- 
dred grains of water, on the contrary, will dissolve any quan- 
tity of sea-salt which does not exceed forty grains. Its dis- 
solving power then ceases, because the cohesion of the solid 
becomes comparatively too powerful for the force of affinity. 
The limit to combination is in such instances owing to the 
cohesive power ; and but for the obstacle which it occasions, 
the salt would most probably unite with the water in every 
proportion, 

All the substances that unite in many proportions, give 
rise to compounds which have this common character, that 
their elements are united by a feeble affinity, and preserve, 
when combined, more or less of the properties which they 
possess. in a separate state. In a scientific point of view, 
these combinations are of minor importance; but they are 
exceedingly useful as instruments of research. They enable 
the chemist to present badies to one another, under the most 
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favourable circumstances possible for acting with effect ; the 
liquid form is thus communicated to them, while the affinity 
of the solvent or menstruum, which holds them in solution, is 
not sufficiently powerful to interfere with their attraction for 
one another. 

II. The most interesting series of compounds is produced 
bysubstances which unite in a few proportions only; and which, 
in combining, lose more or less completely the properties that 
disting oistied them when separate. Of these bodies, some 
form Bae one combination. Thus there is only one compound 
of zinc and oxygen, or of chlorine and hydrogen. Others 
combine in two proportions. For example, two compounds are 
formed by copper and oxygen, or by hydrogen and oxygen. 
Other bodies again unite in three, four, five, or even six 
proportions, which is the greatest number of compounds 
that any two substances are known to produce, excepting 
those which belong to the first division. 

The combination of substances that unite in a few propor- 
tions only, is regulated by three remarkable laws. The first 
of these laws is, that the composition of bodies is fixed and 
invariable ; ; thata compound substance, so long as it retains 
its characteristic properties, must always consist of the same 
elements united together in the same proportion. Sulphuric 
acid, for example, is always composed of sulphur and oxy- 
gen in the ratio of 16 parts* of the former to 24 of the latter : 
no other elements can form it, nor can its own elements form 
it in any other proportion. Water, in like manner, is form- 
ed of 1 part of hydrogen and 8 of oxygen; and were these 
two elements to unite in any other proportion, some new com- 
pound, different from water, would be the product. The 
same observation applies to all other substances, however 
complicated, and at whatever period they were produced. 
Thus, sulphate of baryta, whether formed ages ago by the 
hand of nature, or quite recently by the operations of the 
chemist, is always composed of 40 parts of sulphuric acid and 
78 of baryta. This law, in fact, is universal and permanent. 
Its importance is equally manifest. It is the essential basis 
of chemistry, without which the science itself could have no 
existence. 


* By the expression ‘ parts’ I always mean parts by weight. 


ON THE LAWS OF COMBINATION. L119 


» Two views have been proposed by way of accounting for 
this Jaw. . The explanation now universally given of it, is con- 
fined to a mere statement, that substances are disposed to 
combine in those proportions to which they are, so ‘strictly 
limited, in preference to any others; it is regarded as an ul-. 
timate fact, because the phenomena are explicable ou no other 
known principle. A different doctrine was advanced by the 
celebrated Berthollet in his Statique Chimique, published in 
1803. | Having observed the influence of cohesion and elasti- 
city in modifying the action of affinity as already described, he 
thought he ‘could: trace the operations of the same causes in 
producing the effect at present under consideration. Find- 
ing that the solubility of a salt and of a gas in water was li- 
mited, in the first by cohesion, and in the second by elastici.. 
ty, he conceived that the same forces would account for the 
unchangeable composition of certain compounds. ‘He main- 
tained, therefore, that within certain limits bodies have a 
tendency to unite in every proportion ; and that combination. 
is never definite and invariable, except when rendered so by 
the operation of modifying causes,. such as cohesion, isolu- 
bility, elasticity, quantity.of matter, and the like. Thus, ac- 
cording-to Berthollet, sulphate. of. Baryta is composed of 40 
parts of Sulphuric Acid and 78 of Baryta, not because those 
substances are disposed ‘to unite in that ratio rather than in 
any other, but because the compound so constituted has a 
great cohesive power. 

These opinions which, if true, ARTE) shake the whole 
science of chemistry to its foundation, were founded on obser- 
vation and experiment, supported by all the ingenuity of that 
highly gifted philosopher. They were ably and successfully 
combated by Proust, in several papers published in the Jour- 
nal de Physique, wherein he proved that the metals are 
disposed to combine with oxygen and with sulphur only in 
one or two proportions, which are definite and invariable, 
The controversy which ensued between these eminent chemists 
on that oceasion, is remarkable for the moderation with which 
it was conducted on both sides, and has been properly quoted 
by Berzelius as a model for all future controversialists, How 
much’ soever opinion may have been divided upon this im- 
portant question at that period, the dispute is now at an end, 
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The infinite variety of new facts, similar to those observed by 
Proust, which have since been established, has proved beyond 
a doubt that the leading principle of Berthollet is quite erro- 
neous. ‘The tendency of bodies to unite in definite proportions 
only, is indeed so great as to excite a suspicion that all sub- 
stances combine in this way; and that the exceptions thought 
to be afforded by the phenomena of solution, are rather ap- 
parent than real; for it is conceivable that the apparent va- 
riety of proportion noticed in such cases may arise from the 
mixture of a few definite compounds with each other. 

The second law of combination is still more remarkable 
than the first. It has given plausibility to an ingenious hy- 
pothesis concerning the ultimate particles of matter, called the 
atomic theory. 'The law itself, however, contains nothing hy- 
pothetical, being the pure expression of a fact, first established 
by Mr. Dalton, and subsequently by many other chemists, 
The nature of it will be at once understood by a simple per- 
usal of the following table :— 


Water is composed of . Hydrogen1 . Oxygen 8 
Deutoxide of Hydrogen Do. Assi Do. 16 
Carbonic Oxide . . . Carbon 6 ., Do. 8 
Carbonic Acid «. . . Do 6. Do. 16 
Hyposulphurous Acid . Sulphur 16. Do. 8 
Sulphurous Acid .. . Do. 16 , Do. 16 
Sulphuric Acid . . . Do. 16. Do. 24 
Nitrous Oxide . . . Nitrogen 14 , Do. 8 
Nitric Oxide . .. . Do. 14 .. Do. 16 
Hyponitrous Acid . . Do. 14.., Do, 24 
Nitrous Acid, . ... Do. 14 , Do. 32 
Nitric Acid lee il icy wears Do. 14. Do. 40 


Now it will be perceived, that in all these compounds, the 
numbers denoting the oxygen, which is attached to a given 
weight of the same base, bear a very simple ratio to-one an- 
other. The deutoxide of hydrogen contains just twice as 
much oxygen as water does. ‘The oxygen in carbonic acid 
is double that of carbonic oxide. The oxygen in the com- 
pounds of nitrogen and oxygen is in the ratio of 1, 2, 3, 4, 
and 5. So obvious indeed is this law, that it is observed at 
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once when we compare the result of a few accurate analyses 
together; and the only subject of surprise is, that it was not 
discovered before. It is by no means confined to the com- 
pounds of combustibles with oxygen. Thus the sulphur in 
the two sulphurets of mercury, the chlorine in the two chlo- 
rides of mercury, is as 1 to2. It extends also to the salts. 
The bicarbonate of potassa, for example, contains twice as 
much carbonic acid as ‘the carbonate; and the oxalic acid of 
the three oxalates of potassa is in the ratio of 1, 2, and 4. 
We must regard it therefore as a general law, the enuncia- 
tion of which may be stated in the following terms. When 
two substances, A and B, unite chemically, the quantities of 
the two bodies must either be equal, or in the ratio of multi- 
ples or sub-multiples of each other. It is often called the 
law of multiples, or of combination in multiple proportion. 
Every one who hears this singular law announced for the 
first time, will naturally enquire if it really holds good in all 
cases. It may be stated in reply that the examination of 
numerous compound bodies leaves no room to question the 
universality of the law; but that it is impossible from the 
present condition of the science that ever y instance should be 
in accord with it. ‘Two causes are in operation which tend 
to prevent such perfect coincidence, In. the first place, we 
are not yet acquainted with all possible combinations ; and, 
secondly, our knowledge of the composition of known sub- 
stances is not always precise ;—circumstances which will not 
excite surprise when it is considered that the science of che- 
mistry itself, and especially the art of making exact analyses, 
is of very recent origin. |The mode in’ which the first cause 
operates is obvious; the effect of the second may be illustrat- 
ed by afew examples. A few years ago chemists were ac- 
quainted with only two compounds of sulphur and oxygen, 
the sulphurous and sulphuric acids; the former of which 1s 
composed of 16 sulphur and 16 oxygen, and the latter of 16 
sulphur and 24 oxygen. The quantity of oxygen combined 
with the same weight of sulphur in these compounds is in the 
ratio of 2 to 3. But this exception to the law of multiples 
was only apparent, arising from our ignorance of the hypo, 
sulphurous acid, a compound which was first noticed by Gay- 
Lussac in the year 1813, | It is composed of 16 parts of sul- 
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phur and 8 of oxygen, so that the oxygen in the three com- 
pounds is as 1, 2, and 3. Arsenic affords an example of 
the same kind, in which, however, the anomaly is not yet ex- 
plained. We know only two combinations of arsenic and oxy- 
gen, which are thus constituted : 


Arsenic. Oxygen. 
Arsenious Acid . . 38 : A 16 
Arsenic Acid b 38 F , 24 


in which the oxygen is as 2to 3. But we may confidently 
expect on two grounds that an oxide of arsenic will hereafter 
be discovered; first, because there is the analogous case of 
sulphur to justify such a supposition; and secondly, because 
arsenic may be expected to form, like the other metals, a sa- 
lifiable base with oxygen. The three compounds of oxygen 
and lead are composed. of 


Lead. Oxygen. © 
Protoxide ; ; 104 : 8 
Deutoxide : ; 104 ; 12 
Peroxid : ; 104 f 16 


and the proportion of oxygen, therefore, is as 1: 14: 2. But 
it is manifest that the discovery of an oxide formed of 104 to 
4 of oxygen would at once make these compounds harmonize 
with Mr. Dalton’s law. 

The third law of combination is fully as pam as the 
preceding, and is intimately connected with it. Water and 
hyposulphurous acid may be adduced by way of illustration. 
The former is composed of 8 oxygen to 1 hydrogen; the latter 
of 8 oxygen to 16 sulphur. Now it 1s singular that the well- 
known substance, sulphuretted hydrogen, is constituted of 1 
hydrogen to 16 sulphur; that is, the quantities of hydrogen 
and of sulphur which combine with the same quantity of oxy- 
gen, combine with one another. Again, 40 parts of selenittm 
with 8 of oxygen form the oxide of selenium, and with 1 of 
hydrogen, seleniuretted hydrogen ; 36 parts of chlorine with 
Sof oxygen constitute the oxide of chlorine, and with 1 of 
hydrogen form muriatic acid gas; 16 parts of sulphur com- 
bine with 36 of chlorine to form the chloride of sulphur. 
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It is manifest, from these examples, that bodies unite ac. 
cording to proportional numbers; and hence has arisen the 
use of certain terms as Proportion, Combining Proportion, or 
Equivalent, to express them. Thus the combining oes 
tions of the substances just alluded to are 


Hydrogen : ; j 1 
Oxygen : : : 8 
Sulphur ‘ ‘ , 16 
Chlorine ‘ } : 36 
Selenium : H ‘ 40 


When one body combines with another in more than 
one proportion, then the law of multiples, already explained, 
comes into action. Thus, 


Sulphur. | Oxygen. 


ee ae Acid is Pent \16 or 1 pr. + 8 or 1 pr. 
Sulphurous Acid ‘ 16 or 1 pr. 4 16 or 2 pr. 
Sulphuric Acid : : 16 or 1 pr. +24 or 3 pr. 


The most common kind of combination is one proportion 
of one body either with one or with two proportions of an- 
other. Combinations of 1 to 3, or 1 to4, are very uncom- 
mon, unless the more simple compounds likewise exist. Am- 
monia, however, is a singular instance of the reverse. It is 
composed of 14 parts of nitrogen, and 3 of hydrogen. Now 
14 is the precise quantity of nitrogen that unites with 8 of 
oxygen, and therefore 14 is considered as one proportion of 
nitrogen, which is consequently combined. with three propor- 
tions of hydrogen. It is probable that compounds of 1 to 1, 
and 1 to 2, will hereafter be discovered, but they are quite 
unknown at present. 

But this law does not apply to elementary substances only, 
since compound bodies have their combining proportions 
which may likewise be expressed in numbers... Thus, since 
water is composed of one proportion or 8 of oxygen, and one 
proportion or 1 of hydrogen, its combining proportion is 9. 
The proportion of sulphuric acid is 40, because it is a com- 
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pound of one proportion or 16 of sulphur, and three propor- 
tions or 24 of oxygen; and in like manner, the combining 
proportion of muriatic acid is 37, because it is a compound of 
one proportion or 36 of chlorine, and one proportion or 1 of 
hydrogen. ‘The proportional number of potassium is 40, and 
as that quantity combines with 8 of oxygen to form pot- 
ash, the combining proportion of potash is 48. Now when 
these compounds unite, one proportion of the one combines 
with one, two, three, or more proportions of the other, pre- 
cisely as the simple substances do. The hydrate of potash, 
for example, is constituted of 48 potash and 9 of water, and 
its combining proportion is consequently 48+9 or 57. The 
sulphate of potash is composed of 40 sulphuric acid +448 pot- 
ash; and the muriate of the same alkali of 37 muriatic acid+- 
48 potash. ‘The combining proportion of the former salt. is 
therefore 88, and of the latter 85. 

The composition of the salts affords a very neat illustra. 
tion of this subject ; and to exemplify it still further, I sub- 
join a list of the proportional numbers of a few acids and al- 
kaline bases. ; 


Fluoric Acid 10 Lithia 18 


Phosphoric Acid 28 Magnesia 20 
Muriatic Acid 37 Lime 28 
Sulphurie Acid 40 Soda 82 . 
‘Nitric Acid 54 Potash 48 
Arsenic Acid 62 Strontia 52° 
Barytes 78 


It will be seen 'at a glance, that the neutralizing power of 
the different alkalies is very different; for the proportion of 
each base expresses the precise quantity required to neutra- 
lize a proportion of each of the acids. Thus 18 of lithia, 32 
of soda, and 78 of baryta, combine with 10 of fluoric acid, 
forming the neutral fluates of lithia, soda, and baryta. The 
same fact is obvious with respect to the acids; for 28 of phos- 
phoric, 40 of sulphuric, and 62 of arsenic acid unite with 28 
of lime, forming a neutral phosphate, sulphate, and arseniate 
of lime. 


These circumstances afford a read y explanation ofa curious 
6 
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fact, first noticed by the Saxon Chemist Wenzel ;—when two 
neutral salts mutually decompose one another, the resulting 
compounds are likewise neutral. The cause of this fact is 
now obvious. If 88 parts of neutral sulphate of potash are 
mixed with 132 of the nitrate of baryta, the 78 baryta unite 
with the 40 sulphuric acid, and the 54 nitric acid of the ni- 
trate combine with the 48 potash of the sulphate,, not a par- 
ticle of acid or alkali remaining in an uncombined condition. 


Sulphate of Potash. Nitrate of Baryta. 
Sulphuric acid 40 54 Nitric acid. 
Potash ‘ 48 78 Baryta. 

88 132 


It matters not whether more or less than 88 parts of sul- 
phate of potash are added ; if more, a small quantity of sul- 
phate of potash will remain in solution ; if less, nitrate of ba- 
ryta will be in excess; but in either case the neutrality will 
be unaffected. 

The utility of being acquainted with these important laws 
is almost too manifest to require mention. ‘Through their 
aid, and by remembering the proportional numbers of a few 
elementary substances, the composition of an extensive range 
‘of compound bodies may be calculated with facility. By 
knowing that 6 is the combining proportion of carbon and 8 
of oxygen, it is easy to recollect the composition of carbonic 
oxide and carbonic acid ; the first being 6 carbon+8 oxygen, 
' and the second, 6 carbon+16 oxygen. | Forty is the number 
of potassium, and potash being its protoxide, is composed of 
40 potassium+8 oxygen. From these few data, we know at 
once the composition of the carbonate and bicarbonate of 
-potash. The first is 22 carbonic acid 4.48 potash ; the second, 
44. carbonic acid 448 potash. This is done with very lit- 
tle effort of the memory ; and the assistance derived from the 
method will be manifest on comparing it with the common 
_ practice of stating the composition in 100 parts. 


Carbontn Qaida! . Carbonie Acid. 
Carbon 42.86 heal ; QT 


Oxygen 57.14 ; ; 4 _ 12.73 
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‘ Carbonate of Potash. - Bicarbonate of Potash. 
Carbonic acid 31.43 : : . 47.83 
Potash . 68.57 ; : : 52.17 


From the same data, calculations, which would otherwise 
be difficult or tedious, may be made rapidly and with ease, 
without reference to books, and frequently by a simple mental 
process. ‘The exact quantities of substances required to pro- 
duce a given effect can be determined with certainty, thus 
affording information which is often necessary to the success 
of chemical processes, and of vast consequence both in the 
practice of the chemical arts, and in the operations of phar- 
macy. 

The same knowledge affords a good test to the analyst by 
which he may judge of the accuracy of his result, and even 
sometimes correct an analysis which he has not the means of 
performing with rigid precision, 'Thus.a powerful argument 
for the accuracy of an analysis is derived from the correspon- 
dence of its result with the laws of chemical union. On the 
contrary, if it form an exception to them, we are authorized 
to regard it as doubtful, and may hence be led to detect an 
error, the existence of which might not otherwise have been 
suspected. If an oxidized body is found to contain one pro- 
portion of the combustible with 7.99 of oxygen, then the in- 
ference is unavoidable that 8, or one proportion of oxygen 
would have been the result, had the analysis been perfect. 
From the same cause, the discovery of a. new compound, 
whether it has been formed by the chemist, or exists as a 
mineral in the earth, is always interesting ; curiosity is excited 
to ascertain the ratio of its constituents, and see.if it be such 
as reasoning from the established data would have led us to 
conjecture. 

The composition of a substance may sometimes be deter- 
mined before any analysis has|been made of it. When the 
new alkali lithia was first discovered, chemists did not possess 
a sufficient quantity of it for determining analytically how 
much oxygen it contained. But it is known that the neutral 
sulphates of the alkalies and earths are composed of one pro- 
portion of each constituent, and that the oxide contains one 
proportion of oxygen. If it be found, therefore, by analysis, 
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that the neutral sulphate of lithia is composed of 40 parts of 
sulphuric acid and 18 of lithia, we conclude, since 40. is one 
proportion of the acid, that 18 is the equivalent for lithia, 
and that the oxide is formed of 8 oxygen and 10 of lithium. 

“The method of determining the proportional numbers will 
be anticipated from what has already been said. The com- 
mencement is made by carefully analyzing a definite compound 
of two simple substances which possess an extensive range of 
affinity. No two bodies are better adapted for this purpose 
than oxygen and hydrogen, and that compound is selected 
which contains the smallest quantity of oxygen. Water is 
such a substance, and it is therefore regarded as a compound 
of one proportion of oxygen ‘to one proportion of hydrogen. 
But analysis proves that it is composed of 8 parts.of the 
former to 1 of the latter, by which the relative weights.of 
their proportions are determined, that of oxygen bide eight 
times heavier than that of hydrogen. 

Some compounds are next examined, which contain the 
smallest proportion of oxygen or hydrogen in combination 
with some other substance, the quantities of each being the 
smallest that can unite together. Carbonic oxide with re- 
spect to carbon, and sulphuretted hydrogen with respect to 
sulphur, answer this description perfectly. The. former 
consists of 8 oxygen and 6 carbon; the latter of 1 hydro- 
gen and 16 sulphur. The proportional number of carbon is 
consequently 6, and of sulphur 16. The proportions of all 
other bodies may ‘be determined in the same manner. 

Since the proportional numbers merely express the relative 
quantities of different substances which combine together, it 
is in itself immaterial what figures are employed to -express 
them. The only essential point is, that the relation should 
be strictly observed. Thus, we may make the combining 
proportion of hydrogen 10 if we please; but then oxygen 
must be 80, carbon 60, and sulphur 160... We may .call 
hydrogen 100 or 1000, or, if.it were desirable:to: perplex the 
‘subject as much as possible, some high uneven number might 
be selected, provided the due relation between the different 
numbers is faithfully preserved. But such a practice would 
effectually do'away withthe advantage I have ascribed to.the 
use of the proportional numbers, and hence it is the object of 
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every one to employ such simple ones, that their relation may 
be perceived by. mere inspection. As the opinion of different 
chemists concerning the simplicity of numbers is somewhat at 
variance, we possess several series of them. Dr. Thomson, 
for example, makes oxygen 4, so that hydrogen is eight times 
less than unity, or 0.125, carbon 0.75, and sulphur 2. Dr. 
Wollaston in his scale of chemical equivalents, fixes oxygen 
at 10, by which hydrogen is 1.25, carbon 7.5, and so on. 
According to Berzelius, oxygen is 100. And lastly, several 
other chemists, such as Dalton, Davy, Henry, and others, call 
hydrogen unity, and therefore oxygen 8. One of these series 
may easily be reduced to either of the others by an obvious 
and simple arithmetical process ; and excepting that of Berze- 
lius, whose numbers are inconveniently high for practice, it 
is not very material to which of them the preference is given. 
I have myself adopted the last, because, as it contains no 
fractional parts, it appears best adapted to the purpose of 
teaching. 


ON THE ATOMIC THEORY OF MR. DALTON. 


Tue brief sketch which has been given of the laws of com- 
bination will, I trust, serve to set the importance of this de- 
partment of chemical science in its true light. » It is founded, 
as will have been seen, on experiment alone, and the laws 
which have been stated are the pure expression of fact.. It is 
not necessarily connected with any xreariter. 2 and may be 

kept wholly free from it. 
-.. The reason why persons, partially acquainted with the 
subject, have supposed it to be of a hypothetical nature, 
is sufficiently obvious. It was impossible to reflect on the 
regularity and constancy with which bodies obey the laws of 
proportion, without speculating about the cause of that 
regularity; and consequently, the facts themselves were no 
sooner noticed than an attempt was made to explain them. 
Accordingly; when Mr. Dalton published his discovery of 
those laws, he at once incorporated the description of them 
with his notion of their physical cause; and even expressed 
the former in language suggested by the latter. Since that 


ON THE LAWS OF COMBINATION. 129 


period, though several British chemists of eminence, and in 
particular Dr. Wollaston and Sir H. Davy, have recommend- 
ed and practised an opposite course, both subjects have been 
but too commonly comprised under the name of atomic 
theory ; and hence it has often happened that begiriners have 
rejected the whole as hypothetical, because they could not 
satisfactorily distinguish between what was founded on fact, 
and what was conjectural. All such perplexity, would have 
been avoided, and this department of the science have been far 
better understood, and its value more justly appreciated, had 
the discussion concerning the atomic constitution of bodies 
been always kept distinct from what it was intended to ex- 
plain. When employed in this limited. sense, the atomic 
theory may be discussed in a few words. 

Two opposite opinions have long existed -concerning the 
ultimate elements of matter. It is supposed, according to 
‘one party, that every particle of matter, however small, may 
be divided into smaller portions, provided our instruments 
and organs were adapted to the operation. Their opponents 
contend, on the other hand, that matter is composed of cer- 
tain atoms which are of such a nature as not to admit of 
farther division. ‘hese opposite opinions have from time to 
time been keenly contested, and with variable success, accord- 
ing to the acuteness and ingenuity of their respective cham- 
pions. But it was at last perceived that no positive data ex- 
isted capable of deciding the question, and its interest there- 
fore gradually declined.. The progress of modern chemistry 
has revived the general attention to this controversy, by 
affording a far stronger argument in favour of the atomic 
constitution of bodies than was ever.advanced before, and 
which I conceive is almost irresistible. We have only in fact 
to assume with Mr. Dalton that all bodies are composed of 
ultimate atoms, the weight of which is different in different 
kinds of matter, and we explain at once the foregoing laws of 
chemical union. | 

According ‘to this view, every compound is formed by a 
combination of the atomsof its constituents. An atom of A may 
-combine with 1, 2, 3, or more atoms of B, an arrangement 
on which depends the, law of multiples. If water, for ex- 


ample, is composed. of an atom of hydrogen and an atom 
K 
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of oxygen, it follows that every compound of hydrogen with 
‘an additional quantity of oxygen must contain 2, 3, or, more 
atoms of oxygen; some multiple, in a word,’ by a whole 
number of the quantity of oxygen contained in water. It is 
equally clear from this view of the composition of water, that 
the weight of an atom of oxygen is eight times heavier than 
an atom of hydrogen. The relative weight of the atoms of 
other substances may be determined in a similar manner. 
Thus an atom of carbon is six times, an atom of sulphur six- 
teen times, and an atom of chlorine thirty-six times heavier 
than an atom of hydrogen ; and this explains why they unite 
with one another in the proportions expressed by those num- 
bers. What are called the proportional numbers are in fact 
nothing else but the relative weights of atoms. 

No one cau suppose that the laws of chemical union are 
the effect of chance ; there must be some cause for them in the 
nature of the ultimate particles of matter. This cause, as we 
have just seen, is completely supplied by the supposed atomic 
constitution of bodies, which accounts for the phenomena in 
the most beautiful and consistent manner. So perfect, indeed, 
is the explanation, that the existence of these laws might have 
been predicted by the aid of the atomic hypothesis, long be- 
fore they were actually discovered by analysis. But these 
are not the only arguments which we at present possess in 
favour of the existence of ultimate indivisible particles of 
matter. Dr. Wollaston, in his paper on the Finite Extent of 
_ the Atmosphere, (Philosoph. Trans, for 1822) has defended 
this side of the question on a new and independent principle, 
and the proof he has given of the atomic constitution of bodies 
appears to me decisive. 

Some chemists, even without expressly adopting the atomic 
theory itself, have followed Mr. Dalton in the use of the terms 
atom and atomic weight, in preference to proportion, combin- 
ing proportion, equivalent, and others of alike kind. All these 
appellations, however, have the same signification ; and in 
using the word atom, instead of the others, it should be held 
in mind that it merely denotes the proportions in which bodies 
unite; that it is the expression of a fact which will remain the 
same, whether the atomic hypothesis, which suggested the 
employment of the term, be true or false. 
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there is one circumstance, which at the first view seems 
hostile to the supposed atomic constitution of matter. In de- 
scribing the law of multiples, it was mentioned that the oxy- 
gen in the three oxides of lead isin the ratio of 1: 11: 2; so 
that if we regard the protoxide as composed of one combining 
proportion of lead to one proportion of oxygen, the second 
will contain one proportion and a half, or according to the 
atomic theory, one atom and a half of oxygen. Now, though 
the half of a combining proportion may be admitted, the exis- 
tence of half an indivisible particle of matter is inconceivable ; 
and this circumstance would. be fatal to the atomic theory, 
were there not some satisfactory mode of accounting for it. 
Several explanations might be brought forward. One of them, 
as has already been Macphail rests on the supposition that 
what is called the protoxide is in reality composed of one atom 
of lead to two atoms of oxygen, and that the real protoxide 
has not yet been discovered. Another mode of accounting 
for the anomaly, is by regarding the present deutoxide as a 
compound of the protoxide and peroxide combined with one 
another. A third method is by doubling both elements of 
the anomalous compound, by which the exact ratio is pre- 
served and the idea of the fraction of an atom avoided. Thus, 
the protoxide and peroxide of iron are composed, the first of 
one proportion or 28 metal to § of oxygen, and the second of 
28 metal to an atom and a half or 12 of oxygen; or what 
amounts to the same, of 56 or two atoms.of iron, to 24 or 
three atoms of oxygen. ‘These observations prove that the 
occurrence of half proportions is not inconsistent with the 
atomic constitution of bodies; they show that the difficulty is 
explicable, and probably will, during the progress of disco- 
very, be entirely removed. In the mean time, however, it 
would be inconvenient to allow any speculative notions on the 
subject to interfere with actual practice, and therefore it is 
best at once to admit the occurrence of half proportions; and 
if any one prefer the term atom to equivalent or proportion, 
he must submit to the somewhat j esi expression of half al 
atom. 

Mr. Dalton supipeies that the atoms of bodies are spheri! 
cal, and has invented certain symbols to represent the mode 
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in which he conceives they may combine together, as illustrat- 
ed by the following figures. | 


© Hydrogen. © Oxygen. 
Oe * ® Nitrogen. @ Carbon. 


Binary Compounds. 
O © Water. 
O @ Carbonic oxide. | 


Ternary Compounds. 
O © O' Deutoxide of hydrogen. 
O @ O Carbonic acid. 
&e. &, &e. 

- All substances containing only two atoms he called binary 
compounds, those composed of three atoms ternary compounds, 
of four, quaternary, and so on. 

There are several questions relative to the nature of atoms, 
most of which will perhaps never be decided. Of this nature 
are the questions which relate to the actual form, size, and — 
weight of atoms, and to the circumstances in which they mutu- 
ally differ. All that we know with any certainty is, that their 
weights do differ, and by exact analysis the relations between 
them may be determined. The numbers which indicate the 
combining proportions of bodies are in fact the relative weights 
of their atoms. 

It is but justice to the memory of the late Mr. Higgins of 
Dublin, to state that he first made use of the atomic hypothe- 
sis in chemjcal reasonings. In his ‘* Comparative View of the 
phlogistic and antiphlogistic theories,” published in the year 
1789, he observes (pages 36 and 37) that ** in volatile vitriolic 
acid, a single ultimate particle of sulphur is intimately united 
only to a single particle of dephlogisticated air ; and that, in 
perfect vitriolic acid, every single particle of sulphur is unit- 
ed to two of dephlogisticated air, being the quantity neces- 
sary to saturation ;” and he reasons in the same way concern- 
ing the constitution of water and the compounds of nitrogen 
and oxygen. These remarks of Mr. Higgins do not dimi- 
nish Mr. Dalton’s claim of originality. They appear to have 
been quite unknown to him at the time he published his new 
system of Chemical Philosophy ; and indeed they were made 
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in so casual a manner, as not only to escape observation, but 
to prove that Mr. Higgins himself attached no particular in- 
terest fo them. Mr. Dalton’s real merit lies in the discovery 
of the Laws of Combination, a discovery which is solely and 
indisputably his ; but in which he would have been anticipat- 
‘ed by Mr. Higgins, had that chemist perceived the impor- 
tance of his own opinions. ‘The merit of applying the atomic 
hypothesis to account for these laws likewise belongs to Mr. 
Dalton; nor is his ingenuity in the least affected by the cir- 
cumstance that another person had previously explained in- 
sulated chemical facts on the same principle. : 


ON THE THEORY OF VOLUMES. 


Soon after the publication of the New System of Chemical 
Philosophy in 1808, in which work Mr. Dalton explained 
his views of the atomic constitution of bodies, a paper ap- 
peared in the second volume of the Mémoires d Arcueil, by 
M. Gay-Lussac, on the *“ Combination of Gaseous Sub- 
stances with one another.” He there proves that gases unite 
together by volume in very simple and definite proportions. 
In the combined researches of himself and M. Humboldt, 
those gentlemen found that water is composed. precisely 
of 100 measures of oxygen and 200 measures of hydro- 
gen; and M. Gay-Lussac, being struck by this peculiarly 
simple proportion, was induced to examine the combinations 
of other gases, with the view of re: ES if any thing si- 
milar occurred in other instances, 

The first compounds which he examined were those of am- 
moniacal gas with muriatic, carbonic, and fluoboric acid gases, 
100 volumes of the alkali combined with precisely 100 vo- 
lumes of muriatic acid gas, and they could be made to unite 
in no other ratio. With both the other acids, on the con. . 
trary, two distinct combinations were possible, These are 


100 Fluoboric acid gas with 100 Ammoniacal gas, 
100 do. 200 do. 


100 Carbonic acid gas  —s-_- 100 do. 
100 do, 200 do, 
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‘Various other examples were quoted, both from his own 
experiments and from those of others, all demonstrating the 
same fact. ‘Thus ammonia was found by M. A. Berthollet 
to consist of 100 volumes of nitrogen and 300 volumes of 
-hydrogen, 100 volumes of sulphurous acid and 50 volumes 
of oxygen produced sulphuric acid. Carbonic acid is com- 
posed of 50 volumes of oxygen and 100 volumes of carbonic 
oxide. 

“From these and other instances M. Gay-Lussac established — 
the fact, that gaseous substances unite in the simple ratio of 
1 to 1, 1 to 2, 1 to 3, &c.; and this original observation has 
been confirmed by such a multiplicity of experiments, that 
it may be regarded as one of the best established laws in chee 
mistry. Nor does it apply to the true gases merely, but to 
vapours likewise, For example, sulphuretted hydrogen, sul- 
phurous acid, and hydriodic acid gases are composed of 


100 vol, hydrogen and 100 vol, vapour of sulphur. 
100 oxygen 100 : . sulphur, 
100 oxygen 100 : -  lodine. 


There are very good grounds to suppose, also, that solid 
bodies which are fixed in the fire would, when in the form of 
vapour, be subject to the same law. By a method which will 
be explained afterwards, we may calculate what the specific 
gravity of carbon would be, if converted into vapour; and 
0.4166 is the number so determined, atmospheric air being 
unity. Now, if we assume that carbonic acid is formed of 
100 volumes of oxygen, and 100 volumes of the vapour of 
carbon, condensed into the space of 100 volumes, the specific 
gr avity of carbonic acid will be 1.1111 (the sp. gr. of 
oxydea) 4-0.4166=1.5277, which is the precise number de- 
termined by experiment. Again, it follows from our assump- 
tion, that carbonic acid is composed by weight of 


Oxygen 1.1111 : 16 or 2 prop. 
Carbon 0.4166 f 6 or 1 prop. 


as ascertamed by analysis. 
If we assume that carbonic oxide is composed of 50 vo- 
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lumes of oxygen and 100 volumes of the vapour of carbon, 
condensed into the space of 100 volumes, then its specific 
gravity will be 0.5555 (half the sp. gr. of oxygen) bi 4166= 
‘9721 ; and its composition will be 


Oxygen 0.5555 ° 8 or 1 prop. 

Carbon 0.4166 ; 6 or 1 prop. 
both of which results have been determined by other me- 
thods. 

The compounds of carbon and hydrogen are equally illus- 
trative of the same point. If light carburetted hydrogen is 
formed of 200 volumes of hydrogen and 100 volumes of the 
vapour of carbon, condensed into 100 volumes, its specific 
gravity should be 0.1388 (twice the sp. gr. of hydrogen) 
+0.4166=05554 ; and its composition by weight will be 


Hydrogen. 0.1888 .. 2 
Carbon . » 0.4166 shat 


If olefiant gas is composed of 200 volumes of hydrogen and 
200 volumes of the vapour of carbon, its specific gravity will be 
0.1388 + 0.8332=9720 ; and its composition by weight must 
be 

Hydrogen .. 0.1888 . 2 
Carbon -. 0.8332 8 saccseee 


I need hardly observe that both these results have been .as- 
certained by analysis. 

Another remarkable fact established by M. Gay-Lussac in 
the same paper is, that the diminution of bulk which gases 
frequently suffer in combining, is also in a very simple ratio, 
Thus, the 4 volumes of which ammonia is constituted, (3 
volumes of hydrogen and 1 of nitrogen) contract to one-half 
or two volumes when they unite. There is a contraction to 
‘two-thirds in the formation of nitrous oxide gas. The same 
applies to the combination of gases and vapours, There is con- 
traction toahalf inthe formationof sulphuretted hydrogen; and 
to a third in that of sulphurous acid. The instances just quot- 
ed relative to the vapour of carbon confirm the same remark. 
There is a contraction to.two-thirds in carbonic oxide; toa 
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half in carbonic acid; toa third in light carburetted hydrogen ; 
and to a fourth in olefiant gas. 

~The rapid progress which chemistry bal made within the 
i few years is in a great measure attributable to the ardour 
with which abicntelirceg chemistry has been cultivated. That 
very department which at first sight appears so obscure and 
difficult, has afforded a greater number of leading facts than 
any other; and the law of Gay-Lussac, by giving an addi- 
tional debte of precision to such researches, as well as from 
its Own intrinsic value, is one of the brightest discoveries that 
adorn the annals of the science. ‘The practice of estimating 
the quantity in weight of any gas, by measuring its bulk or 
volume, of itself susceptible of much accuracy, is rendered 
still more precise and satisfactory by the operation of this 
law. It will not perhaps be superfluous, therefore, to exem- 
plify the method of reasoning employed in these investiga- 
tions by a few examples; which will serve, moreover, as a 
useful specimen to the beginner of the- nature of chemical 
proof. 

One essential element in every inquiry of this kind, which 
is indeed the keystone of the whole, is a knowledge of the 
specific gravity of the gases. But it is exceedingly difficult 
to determine the specific gravity of gases with perfect accu- 
racy; for not only do slight alterations of temperature and 
pressure during the experiment affect the result, but the pre: 
sence of a little watery vapour, atmospheric air, or other im- 
purity, may cause a material error, especially when the gas 
to be weighed is either very light or very heavy. The spe- 
cific gravity of important gases has, accordingly, been stated 
differently by different chemists, and there is none in regard 
to which more discordant statements of this fact have been 
made than of hydrogen gas. Fortunately we possess the 
power of correcting the results, and of estimating their accu- 
racy by means of other data, upon which greater reliance may 
be placed. According to our best data, the specific gravity of 
oxygen, hydrogen, pts nitrogen gases, air being 1], is 


Oxygen . : 1.1111 
Hydrogen : ; 0.0694 
Nitrogen Mi shNW.! » 0,9722 
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- It has been proved. by analysis that 200 volumes of ammo- 
niacal gas are composed of 300 volumes of hydrogen and 100 
volumes of nitrogen, from which the specific gravity of that 
alkali may be calculated. 


Thus, 0.9722+ (0.0694 x 3)=1.1804. 


Bebb 2951 which is the specific gravity ammoniacal 
gas should have, did its constituent gases suffer no contrac- 
tion; but as they contract to one-half, the real specific gravity 
is double what it otherwise would be, or is 0.5902, Now, if 
by weighing a certain quantity of ammoniacal gas, the same 
number is procured for its specific gravity, it follows that all 
the elements of the calculation must have been correct. 

Nitric oxide is composed of 100 volumes of nitrogen and 100 
volumes of oxygen, united without any contraction, and form. 
ing, consequently, 200 volumes of the compound. _ Its specific 
gravity must, therefore, be the mean of its components, or 
1.1111 +.0.9722 

2 
ed result with that determined by weighing the gas itself, 
proves that all the data are true. It is obvious, indeed, 
that the calculated results, as being free from the unavoidable 
errors of manipulation, must be the most accurate, provided 
the elements of the calculation may be trusted. 

Dr. Henry has proved by careful analysis that 100. vo- 
lumes of light carburetted hydrogen gas, a compound of car- 
bon and hydrogen, require 200 volumes of oxygen for com- 
plete combustion; that water and carbonic acid are. the sole 
products; and that the latter amounts precisely to100 volumes. 
From these data, the proportions of its constituents and its 
specific gravity may be determined. For 100 volumes of car- 
bonic acid contain 100 volumes of the vapour of carbon, which 
must have been present in the carburetted hydrogen, and 100 
volumes of oxygen. One half of the oxygen originally employ- 
ed is thus accounted for ; and the remainder must have com- 
bined with hydrogen. But 100. volumes of oxygen require 200 
volumes of hydrogen for combination, all of which must like- 
wise have been contained in the carburetted hydrogen. The 


—1.0416. ‘The coincidence of this calculat- 
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100 volumes of light carburetted hydrogen, submitted to ana- 
lysis, are hence composed of 100 volumes of the vapour of car- 
bon, and 200 volumes of hydrogen. — Its specific gravity must 
therefore be 0.5554, that is, 0.4166 (the sp. gr. of carbon va- 
pour) +0.1388 or twice the sp. gr. of hydrogen gas. 

Having ascertained that light carburetted. hydrogen gas is 
composed of two measures of hydrogen to one of the vapour 
of carbon, it is easy to calculate the proportion of its con- 
stituents in weight. For this purpose we need only multiply 
the bulk of the gases by their respective specific gravities. 
Thus 200 x 0.0694= 13.88, and 100 x 0.4166=41.66. Hence 
light carburetted hydrogen is composed by weight of 


Carbon 41.660. 6 
Hydrogen : : 13.88 j Q 


The theo#y of volumes has very considerable analogy to 
Mr. Dalton’s law of multiple proportions. ‘The former is in- 
deed, to a certain extent, a consequence of the latter ; for if 
one body unites with another in several proportions, the quan- 
tities of the variable ingredient will stand in the same relation 
to one another, when expressed by volume, as they do by 
weight. But there is one remarkable difference. The weights 
of the two elements of a compound have no apparent depen- 
dence on one another. Thus, 6 carbon and 8 oxygen form 
carbonic oxide ; 8 oxygen and 14 nitrogen form nitrous ox- 
ide; 8 is no multiple by any whole number of 6, nor-14 of 
8. But the elements of a compound are always united by 
volume in the ratio of 1 to 1, 1 to 2, 1 to 3, and so on. This 
distinction is certainly very obvious; but still there is other- 
wise such a similarity in the two laws, that the peculiar na- 
ture of the ultimate particles of matter which gives rise to the 
one, must surely be the cause of the other. It is to be hoped, 
therefore, that the connecting link will soon be supplied, and 
one fact of great interest has been already determined, which 
may ultimately be of use in accounting for this difference. 
In the 6th volume of the Annals of Philosophy, (old series) 
Dr. Prout published an essay “ On the Relation between the 
Specific Gravities of Bodies in their Gaseous state and the 
Weights of their Atoms,” in which he showed that the atomic 
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weights, or equivalents of several substances, are multiples by 
a whole number of the atomic weight of hydrogen gas. Dr. 
‘Thomson took up this idea, and in his recent admirable trea- 
tise on the * First Principles of Chemistry,” has proved that 
it applies generally ; that the atomic weights of all the simple 
substances he has examined are not only multiples by a whole 
number of the atomic weight of hydrogen, but with very few 
exceptions of two atoms of hydrogen. 

Dr. Prout pointed out another circumstance of much in- 
terest with respect to this question, in the paper above allud- 
ed to. He showed that in general the specific gravity of a 
body in its gaseous state, may be obtained by multiplying its 
atomic weight (the atom of oxygen being taken as unity) by 
0.5555, or half the specific gravity of oxygen gas; and Dr. 
Thomson, in the 7th chapter of the work just mentioned, has 
discussed the subject at considerable length. The following 
explanation will, I hope, make the reason of this rule intelli. 
gible. Water is composed of one volume of oxygen to two 
volumes of hydrogen; and as chemists regard it as a com- 
pound of one atom of each element, it of course follows that 
one atom of hydrogen must occupy twice the space of an 
atom of oxygen. It would be exceedingly convenient, did 
the atoms of different bodies occupy the same space when in 
the gaseous form; for then the atoms would be represented 
by volumes, and the numbers which express the relative 
weights of the former, would be identical with the specific 
gravity of the gases. But it has been already stated, that an 
atom of oxygen occupies one half the bulk of an atom of 
hydrogen; and it follows therefore that the specific gravity 
of the former gas must be twice as great as it would be, did it 
occupy the same space as the latter. Hence the rule, as 


1 : 0.125 2 0.5555 : 0.0694 


in which 1 is the atomic weight of oxygen; 0.125 the atomic 
weight of hydrogen ; 0.5555 half the specific gravity of oxy- 
gen gas; and 0.0694 the fourth proportional, the specific 
gravity of hydrogen. 

The atoms of several other substances besides alten 
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occupy in the gaseous state twice the space of an atom of 
oxygen; indeed, as far as is yet known, every simple sub- 
stance, though naturally solid, is in this condition, besides the 
majority of compound gases; and in all such instances, it is 
easy to calculate the specific gravity of a body by multiply- 
ing its atomic weight by 0.5555, or half the — gravity 
of oxygen. * 

It appears at first sight to be an easy matter to make the 
atoms and volumes of bodies correspond to one another; and 
that it might be effected by considering water as a compound 
of an atom of oxygen to two atoms of hydrogen. Sir H. 
Davy has accordingly done so in his Elements of Chemical 
Philosophy, and the atom of oxygen will therefore be 16, that 
of hydrogen being unity. But the inconvenience arising 
from this practice is far greater than the evil it was intended 
to remedy. For, on this supposition, sulphuretted hydrogen 
must be held as an atom of sulphur with two atoms of hy- 
drogen, while it is composed of one volume of each of its con- 
stituents, Muriatic acid gas would consist of one atom of 
chlorine, and two atoms of hydrogen, though formed of one 
volume of each gas. ‘The same remark applies to hydriodic 
acid, hydrocyanic acid, and most other compound gases con- 
taining hydrogen. 

The reason of this is, that the atoms and volumes of all the 
simple gases, (oxygen excepted) and many compound ones 
also, according to the received system, correspond with one 
another. Sulphuretted hydrogen is composed of one volume 
or one atom of sulphur to one volume or one atom of hydro- 
gen. Muriatic acid is composed, in like manner, of one vo- 
lume or one atom of its constituents. Light carburetted hy- 
drogen is a compound of two volumes of hydrogen to one vo- 
lume of the vapour of carbon, or of two atoms of hydrogen 
to one of carbon. All this advantage is lost by regarding 
water as a compound of two atoms of hydrogen to one of oxy- 
gen; and this forms a sufficient reason for not adopting the 
method of Sir H. Davy. 


* This rule applies only when the weight of the atom is expressed accord- 
ing to the oxygen scale. If hydrogen is represented by unity, then the rule is 
to multiply 0.5555 by the atomic weight of the body, and divide by 8,—the 


atomic weight of oxygen. 
6 
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# 
ON THE THEORY OF BERZELIUS. 


It is well known that the celebrated Professor of Stockholm 
has for many years devoted himself to the study of the laws of 
definite proportions, and that he has been led to form a pecu- 
liar hypothesis, by way of generalizing the facts which his in. 
dustry had collected. To give a detailed account of his sys- 
tem, does not fall within the plan of this work; to treat of 
the atomic theory without alluding to the labours of Berzelius, 
would, on the other hand, be inexcusable: I shall adopt a 
middle course, by stating briefly the principal opinions of 
that eminent chemist, offering at the same time a few com- 
ments upon them. 

Berzelius informs us in the historical introduction: to his 
treatise on the ‘“‘ Theory of Definite Proportions,” that he 
commenced his researches on the subject in the year 1807; 
and that they originated in the study of the Works of Richter. 
From Richter’s explanation of the fact, that when two neu- 
tral salts decompose one another, the resulting compounds:are 
likewise neutral, he perceived that one good analysis of a few 
salts would furnish the means of calculating the composition of 
all others. He accordingly entered upon an inquiry, which 
was at first limited in its object; but as he proceeded, his 
views enlarged, and advancing from one step to another, he 
at length set about determining the laws of combination in 
general. In perusing his account of the investigation, we are 
at a loss whether most to admire the number of exact analy- 
ses which he performed, the variety of new facts he deter- 
mined, his acuteness in detecting sources of error, his ingenui- 
ty in devising new analytical processes, or the persevering in- 
dustry hash, he displayed in every part of the inquiry. But 
it is at the same time impossible to suppress regret, that, in- 
stead of forming a complex system of his own, he did not 
adopt the simple views of Mr. Dalton. This he might 
have done with very great propriety ; simce the fundamental 
laws which he discovered, are, with very little exception, ei- 
ther identical with those previously pointed out by the British 
Philosopher, or the direct result of their operation. 
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Berzelius assumes, with Mr. Dalton, the existence of ulti- 
mate indivisible atoms, to the combination of which with one 
another the laws of chemical proportion are owing. 

The first law of Berzelius is the following. ** One atom of 
one element unites with 1, 2, 3, or more atoms of another ele- 
ment.” This is the grand law of Mr. Dalton, and requires 
no comment, further than that it has been amply confirmed 
by the labours of Berzelius. The second is, that ‘* two atoms 
of one element combine with three atoms of another.” These 
are the two laws which regulate the ane of simple or ele- 
mentary atoms. 

The combination of compound atoms with each other, 
obeys another law, and is confined within still narrower 
limits. « Two compounds which contain the same electro- 
negative body, always combine in such a manner that the elec- 
tro-negative element of the one is a multiple by a whole num- 
ber of the same element of the other.” Thus, for instance, 
if two oxidized bodies unite, the oxygen of one is a multiple 
by a whole number of the oxygen in the other. Various 
examples may be given of this. ‘The hydrate of potash is 
composed of ¢ 


Potash 48, the oxygen of which is 8. 
Water 9, do. 8. 


- In like manner, if two acids or.two oxides combine, the 
game will be observed. | 
- In the earthy minerals which often contain several oxides, 
the same law is found to prevail with great uniformity. 

- The composition of the salts is likewise under its influence. 
Carbonate of potash, for example, is composed of 


Carbonic acid 22, the oxygen of which is 16. 
‘Potash . 48, | do. 8. 


and sulphate of potash of 


Sulphuric acid 40, the oxygen of which is 24. 
Potash 48, do. 8. 
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-Berzelius has remarked, that the nitrates, phosphates, and 
arseniates, may prove exceptions to the law in some instances. 
There is also a similar relation in salts which contain water of 
crystallization, between the oxygen of the base of the salt and 
that of the water. For instance, crystallized sulphate of soda 
is composed of 


Sulphuric acid 40. 
Soda é 32, the oxygen of which is 8. 
Water. 90, do.. 80. 


Double salts are also influenced by the same law. In the 
tartrate of potash and soda, for example, the oxygen of the | 
potash is exactly equal to the-oxygen in the soda; and the 
oxygen in the tartaric acid, which neutralizes the potash, is 
equal to that of the soda. 

But this is not all that Berzelius has remarked with re- 
spect to the constitution of the salts. He observes that in 
each series of salts, the same relation always exists between 
the oxygen of the acid and of the base. In all the neutral 
sulphates this ratio is as one to three, as may be seen in. the 
sulphates of soda and potash. In the carbonates, the oxygen 
of the acid is double; and in the bicarbonates quadruple the 
oxygen of the base. 

The existence of these remarkable laws was discovered by 
Berzelius at avery early period of his researches; and he 
mentions, that as subsequent observation, during the course 
of several years, has not afforded a single exception to them, 
he now regards them as universal. He accordingly places 
unlimited confidence in their accuracy, and is in the con- 
stant habit of calculating the composition of bodies on this 
principle. 

It will of course be interesting to inquire into the cause of 
these phenomena ; to ascertain if there is any property peculiar: 
to oxygen, or other negative electrics, which might give rise 
to them. Berzelius himself says that “the cause is involved 
in such deep obscurity, that it is impossible at the present 
moment to give a probable guess at it.” I have the misfor- 
tune to differ entirely from Berzelius on this question. So far 
from being obscure, it is perfectly intelligible, and is .pre- 
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cisely what might have been anticipated from the present, 
state of chemical knowledge. Most of the salts called neutral 
sulphates, are composed of one proportion or one atom of 
sulphuric acid, and one atom of some protoxide. This is 
the case with all the alkaline and earthy sulphates, and with 
several of the common metals, as lead, zinc, and iron. Now, 
an atom of sulphuric acid is composed of 


Sulphur 16—1 atom. . 
Oxygen 24—3 atoms. 


and every protoxide of 


Metal —1 atom. 
Oxygen §—l atom. 


Hence a number of laws may be deduced which must hold 
in every sulphate of a protoxide. 

1. The oxygen of the acid is a multiple of that of the base. 

2. The acid contains three times as much oxygen as the 
base. r 

3. The sulphur of the acid is just double the oxygen of the 
base. 

4. The acid itself is five times as much as the oxygen of the 
base. } 

Metallic sulphurets are frequently composed of an atom of 
each element; and should oxidation ensue, so that the sul- 
phur is converted into sulphuric acid, and the metal into a pro- 
toxide, they will be in the exact proportion for forming a neu- 
tral sulphate. Berzelius has proved by analysis that this 
happens frequently, and he is disposed to convert it into a. 
general law. sid 

Again, the carbonates are composed of one atom of carbonic 
acid, and one atom of some protoxide. But an atom of car- 
bonic is composed of 


Carbon 6, I atom, 
Oxygen 16, 2 atoms. 


and every protoxide of 
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Metal — 1 atom. 
-» Oxygen 8, 1 atom. 


It is inferred, therefore, that inall the carbonates, the oxygen 
of the acid is exactly double that of the base; arid the same 
mode of reasoning is applicable to the various genera of salts. 
These few examples will suffice to show, that what seemed so 
obscure to Berzelius, is rendered quite obvious by the Dalto- 
nian method. We perceive, moreover, that no constant ratio 
can exist between the quantity of oxide and that of the acid or 
oxygen of the acid; and the reason is, because the atomic 
weights of the metals are different. But this view of the sub- 
ject answers another useful purpose ; it enables us to see 
whether the law of Berzelius is or is not universal. The ob- 
servations made on this subject by Dr. Thomson, in his 
*« First Principles of Chemistry,” are so much to the point, 
that I cannot do better than give them in his own words. — 

‘“< Before concluding these general observations,” says Dr. 
Thomson, “I may say a few words on Berzelius’ law; that 
in all salts, the atoms of oxygen in the acid constitute a‘mul- 
tiple by a whole number of the atoms of oxygen of the base, 
This law was founded upon the first set of exact analyses of 
neutral salts which Berzelius made. Now, as neutral salts 
in general are combinations of an atom ofa protoxide with an 
atom of an acid, it is obvious that the atoms of oxygen in the 
acid must in all such salts be multiples of the atom of oxygen 
in the base; because every whole number isa multiple of unity. 
Neutral salts, therefore, are not the kind of salts by means of 
which the precision of this supposed law can be put to the test.” 

«« Even in the subsalts, composed of 1 atom of acid united 
to 2 atoms of base, it is obvious enough that the law will hold 
whenever the acid combined with the base happens to contain 
2 or 4, or any even number of atoms; because all even num- 
bers are multiples of 2. Now, this is the case with ihe fol- 
lowing acids ; sie 


Phosphoric. Nitrous. Antimonic. Citric. 
Carbonic. Titanic. Manganesic. _Saclactic. 
Boracic. Arsenious. Molybdous. Chromous. 
Sulphurous. _ Selenic, Uranitic. ai 
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Consequently, the law must hold. good im all combinations of 
1 atom of these acids with 2 atoms of base.” 

“‘ In the case of all these acids which contain only one atom 
of oxygen, all the subsalts composed of 1 atom of the acid 
united to 2 atoms of base, the law will also in some sort hold ; 
for the atoms of the oxygen in such acids being 1, this num- 
ber will always be a submultiple of 2, the number of atoms 
of oxygen in 2 atoms of base... This is the case with the fol- 
lowing acids : 


Silicic Hypo-sulphurous. 
Phosphorous... Oxide of Tellurium. 


It is only in the subsalts of acids containing an odd number 
of atoms of oxygen, that exceptions to the law can exist. It 
is to them, therefore, that we must have recourse when we 
wish to determine whether this empirical law of Berzelius be 
founded in nature or not. Now, there are 13 acids, the inte- 
grant particles of which contain an odd numberof atoms. of 
oxygen. The following table exhibits the names of these 
acids, together with the number of atoms of oxygen in each.” 


Atoms of Oxygen. Atoms of Oxygen. 


Sulphuric acid 3 |. Acetic acid vive o 
Arsenic 3 | Succinic .‘. 3 
Chromic 3 | Benzoic  . f 3 
Molybdic 3 | Nitric 5 
Dungstic 3.| Tartaric 5 
Oxalic 3. | Hypo-sulphuric 22 
Formic 3. | 


Dr. Thomson informs us that the number of subsalts he 
has examined is exceedingly small, because his» object was 
_ not to investigate the truth of Berzelius’ law, but to.deter- 
mine the quantity of water of crystallization which the salts 
contain.” He observes, that “ it would certainly -be a most 
remarkable circumstance if 2 atoms of any protoxide were in- 
capable‘of combining with 1 atom ‘of any of the 13 acids. in 
the preceding list.” Dr.:'T. adduces seven instances in which 
this does happen, three of which are completely in ‘point, -be- 
ing a subsulphate of alumina, a subacetate of lead, and a 
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, subacetate of ,copper ; and he is “persuaded that many more 
“will, be discovered whenever. the'\attention.of chemists is par- 
_ticularly turned, to the subsalts.”),,.He also mentions other 
kinds, of salts,, in regard .to Abiokd for: equally, “sansa rea- 
_sons, the law. cannot/ and does -not-hold.., 
These extracts wil suffice for placing the law of Berzisiias 
in its true light ; for showing, that it:isia direct consequence 
of the general operation of the Laws of Definite Proportion ; 
_and that we must expect. to find, some, exceptions*to his law, 
derived from the very cause which. gives. rise to) it. /1t 1s to 
_be hoped that Berzelius will take the remarks of Dr..Thom- 
‘son into mature consideration, by. which he will probably per- 
ceive that. his favourite canon is not so..universal as -he.ima- 
_gines, and be led to avoid the errors to which, from an in- 
discriminate employment of it, both, himself ain his 9 98 
might otherwise be exposed.» sie 
‘That part of the law which applies toy the combined: water 
‘is likewise more’ than doubtful. .; When the-base contains 2 
_atoms of oxygen,and an uneven number of atoms of water is 
present, it.cannot, be conrect.. Whenothe base‘contains 3 
atoms of oxygen, the law would. not.apply whenever ‘there 
chanced to be 2,4, 8, or 10 atoms of water. When the base 
has,only one atom of oxygen, then it must hold for obvious 
reasons, . When the base has an atom and a‘half of oxygen, 
the law jcan only. be true when 3, 6, 9, or 12 atoms<of water 
are in combination ;, with 1, 2,:4,-5,.7, 8, or 10, it must fail. 
The hydrate of the peroxide of: iron is an exception of? this 
kind, and similar ones are tobe looked) for nee the sory 
tallized salts of the peroxide. | 
_» An \admirable attempt »has. been mistic! wath thkede few 
‘years to determine the atomic constitution ‘of ‘minerals, in 
which; Berzelius has highly distinguished himself. 'The:com- 
position of minerals: must of course beinfluenced by the'usual 
Jaws of combination, though there are: sometimes obstacles in 
the’ way of discovering it. Inithe compounds made artificially, 
chemists possess the power of having each constituent! per- 
fectly pure; but, unfortunately, we cannot always command. 
the same condition with respect to natural productions. The 
materials of which a mineral is composed, once formed a part 
of some heterogeneous fluid or semifluid mass, and in assum- 
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ing the solid form are very likely to have enclosed within 
them some substance which does not, chemically considered, 
+ form a part of the mineral. The result of chemical analysis, 
accordingly, does not always give us a view of the actual con- 
stitution of a mineral species; some substances are often de- 
tected which are foreign to it, and the chemist must exer- 
cise his judgment in determining what is and what is not es- 
sential. Now nothing is so well calculated to direct him as a 
knowledge of the laws of combination; but asa great dis- 
_cretionary power is in his hands, it is important that his mode 
of investigation should be the simplest possible, and that: his 
rules should be founded on well-established principles, which 
involve nothing hypothetical. It is but very lately that due 
care has been bestowed in selecting sufficiently pure speci- 
mens for examination, or in performing the analyses them- 
selves with the precision necessary for determining the che- 
mical constitution of minerals. It were much to be wished 
that our first essays in this difficult field should be confined 
as much as possible to such minerals as contain but few sub- 
stances, and which occur in distinct transparent crystals. 

We are indebted to Berzelius for this mode of studying 
the composition of minerals; and certainly if skill in analy- 
tical investigation could encourage any one to make the at- 
tempt, none could undertake it with greater chance of success 
than the indefatigable Professor of Stockholm. Unfortu- 
nately his theoretical views are unnecessarily complex, and I 
much doubt, for reasons already stated, if his ruling law 
about multiples of oxygen deserves the confidence he be- 
stows upon it. It will not, I am convinced, be adopted by 
the chemists and mineralogists of this country, and I am 
much mistaken if, notwithstanding the great reputation’ of 
its author, it stand its ground long upon the continent. 
To give a particular description of his method is foreign to 
my purpose, but the reader will find an able account of it in 
the 9th vol. of the Annals of Philosophy, N.S. by Mr. Chil- 
dren. 
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SECTION III. 


OXYGEN.. 


‘OxycEN gas was discovered by Priestley in 1774, and by 
Scheele a year or two after, without previous knowledge of 
Priestley’s discovery. Several appellations have been given 
toit, Priestley named it Dephlogisticated air ; it was called 
Empyreal air by Scheele, and Vital air by Condorcet. The 
name it now bears, derived from the greek words o%d¢ acid, and 
yewdw I generate, was proposed by Lavoisier, from the sup- 
position that it. was the sole cause of acidity. 

Oxygen gas may be obtained from several sources. The 
peroxides of manganese, lead, and mercury, nitre, and the 
chlorate of potash, all yield it in large quantity when they are 
exposed to a red heat. The substances commonly employed 
for the purpose are the peroxide of manganese and the chlorate 
of potash. It may be procured from the former in two ways; 
either by heating it to redness in a gun-barrel, or in a retort 
uf iron or earthen-ware; or by putting it into a flask with half 
its weight of concentrated sulphuric acid, and heating the 
‘mixture by means of a lamp. To understand the theory 
of these processes, it is necessary to be aware that there are 
three distinct oxides of manganese, which are thus consti- 
tuted : | 


Manganese. | 
Protoxide 7 28 or one prop. + 8 . = 36 
Deutoxide : 28 : +12 : — 40 
Peroxide °. 28 10 US EOS = 44 


On applying a red heat to the last, it parts with half a pro- 
portion of oxygen, and is converted into the deutoxide. Every 
Aut grains of the peroxide will therefore lose, if quite pure, 4 
grains of oxygen, or nearly 12 cubicinches; and one ounce will 
yield about 128 cubic inches of gas. The action of sulphuric 
acid is different. The peroxide loses a whole’ proportion of 
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oxygen, and is converted into the protoxide, which unites with 
the acid, forming a sulphate of the protoxide of manganese. 
Every 44 ptahe of the peroxide must consequently yield 8 
grains of oxygen and 36 of the protoxide, which by uniting 
with one proportion (40) of the acid, forms 76 of the sulphate. 
The first of these processes 1s the most convenient in practice. 

The gas obtained from the peroxide of manganese, though 
hardly ever quite pure, owing to the presence of carbonate of 
lime, is sufficiently good for ordinary purposes. I[t yields a 
gas of better quality, if previously freed from the carbonate of 
lime by dilute muriatic or nitric acid; but when oxygen of 
great purity is required, it is better to obtain it from the chlor- 
ate of potash. For this purpose, the salt should be put into a 
retort of green glass, or of white glass made without lead, and 
be heated nearly to redness. It first becomes liquid, though 
quite free of water, and then, on an increase of heat, is wholly 
resolved into pure oxygen gas, which ‘escapes with efferves- 
cence, and into ‘a white compound, called the chloride of pot- 
assium, which is left in the retort. The theory of the decom- 
position is as follows. ‘The chlorate of potash is composed ‘sd 
| Chloric acid 76 or one proportion. 

Potash 48 or one proportion. 
124 
Chloric acid consists of | 
Chlorine 36 or one proportion, 
Oxygen 40 or five proportions. 


76 


and potash of 
Potassium 40 or one proportion. 
Oxygen __ § or one proportion. 


48 


The chlorine and, potassium are both deprived of their 
oxygen, and then unite together. So that 124 grains of the 
salt-are resolved into 76 grains of the. chloride of potassium 
and 48 grains, or 141 cubic inches, of pure oxygen. 
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© Oxygen gas is colourless, has neither taste nor smell, is not 
chemically affected by the imponderables, refracts light very 
feebly, and is a non-conductor of electricity, It is the most 
perfect negative electric that we possess, always appearing at 
the positive pole when any compound which contains it is 
exposed to the action of galvanism. It emits light, as well as 
heat, when suddenly and forcibly compressed. 

‘ Oxygen’ is heavier than atmospheric air. Chemists have 
differed as to its precise weight; but the late experiments of 
Dr. Thomson, (First Principles of Chemistry,) leave little 
doubt of the accuracy of Dr. Prout’s estimate as stated in the 
6th volume, O. S., of the Annals of Philosophy. According 
to that chemist, 100 cubic inches of oxygen, when the ther- 
mometer is at 60° F., and the barometer stands at 30 inches, 
weigh 33.888 grains, and its specific gravity must be 1.1111. 
~ Oxygen gas is very sparingly absorbed by water, 100 cubic 
inches of that liquid dissolving only three or four of the gas. 
It has neither acid nor alkaline properties ; for it does not 
redden or turn green the blue vegetable colours, nor does it 
evince a disposition to unite either with acids or alkalies, It 
has a very powerful attraction for most of the simple bodies ; 
and there is not one of them with which it may not be made 
to combine. The act of combining with oxygen is called 
oxidation, and the bodies, after having united with it, are 
said to be oxidized. 'The compounds so formed are divided 
by chemists into acids and oxides. .The first division in- 
cludes those compounds which possess the general properties 
of acids; and the second comprehends those in which that 
character is wanting. The phenomena of oxidation are va- 
riable. It is sometimes produced with great rapidity, and 
with an evolution of heat and light. Ordinary combustion, 
for instance, is nothing more than rapid oxidation; and all 
inflammable or combustible matters derive their power of 
burning in the open air from their affinity for oxygen. On 
other occasions it takes place slowly, and without any ap- 
pearance either of heat or light, as is exemplified by the rust- 
ing of iron when exposed to a moist atmosphere. Different 
as these processes may appear, oxidation is the result of both; 
and. both are owing to the same cireumstance, namely, to the 
presence of oxygen in the atmosphere. 
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All substances that are capable of burning in the open air, 
burn with far greater brilliancy in oxygen, A piece of wood, 
on which the least spark of light is visible, bursts into flame 
the moment it is put into a jar of oxygen; lighted charcoal 
emits beautiful scintillations ; and phosphorus burns with so 
powerful and dazzling a light that the eye cannot bear its 
impression. Even iron and steel, which are not commonly 
ranked among the inflammables, undergo a rapid combustion 
in oxygen gas, 

The changes that accompany these phenomena are no less 
remarkable than the phenomena themselves, When a lighted 
taper is put into a vessel of oxygen gas, it burns for a while 
with increased splendour; but the size of the flame soon be- 
gins to diminish, and if the mouth of the jar be properly se- 
cured by a cork, the light will in a short time disappear en- 
tirely. The gas has now lost its characteristic property ; for 
a second lighted taper, immersed in it, is instantly extinguish- 
ed. This result is general. The burning of one body ina 
given portion of oxygen unfits it for supporting the combus- 
tion of another; and the cause of it is manifest. The combus- 
tion is produced by the combination of inflammable matter 
with oxygen gas. The quantity of free oxygen, therefore, 
diminishes during the process, and is at length exhausted. 
The burning of all bodies, however inflammable, must then 
cease, because the presence of oxygen is necessary to its con- 
tinuance. For this reason oxygen gas is called a supporter 
of combustion, The oxygen often loses its gaseous form as 
well as its properties. If phosphorus or iron be burned in a 
jar of pure oxygen over water or mercury, the disappear- 
ance of the gas becomes obvious by the ascent of the liquid, 
which is forced up by the pressure of the atmosphere, and 
fills the vessel. Sometimes, on the contrary, the oxygen 
suffers only a partial diminution of volume, or even under- 
goes no change of bulk at all, as is exemplified by the com- 
bustion of the diamond. 

The changes experienced by the burning body are equally 
striking.. While the oxygen loses its power of supporting 
combustion, the inflammable substance lays aside its combus- 
tibility, It is now an oxidized body, and cannot be made to 
burn even by aid of the purest oxygen. It has also acquired 
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an addition to its weight. It is‘an error to suppose that bo- 
dies lose any thing while they burn. The materials of our 
fires and candles do indeed disappear, but they are not de- 
stroyed. Although they fly off.in the gaseous form, and are 
commonly lost to us, it is not difficult to collect and preserve 
all the products of combustion. When this is done with the 
requisite care, it is constantly found that the combustible 
matter weighs more after than before combustion ; and that 
the increase in weight is exactly equal to the quantity of 
oxygen which has disappeared during the process. 

Oxygen is necessary to respiration. No animal can live 
In an atmosphere which does not contain a certain portion 
of uncombined oxygen; for an animal soon dies if put in- 
to a portion of air from which the oxygen has been. pre- 
viously removed by a burning body. It may therefore be 
anticipated that oxygen.is consumed during respiration. If 
a bird be confined in a limited quantity of atmospheric 
air it will at first feel no imconvenience; but as a portion 
of oxygen is withdrawn at, each inspiration, its quantity di- 
minishes rapidly, so that respiration secon becomes. labori- 
ous, and.in a short time ceases altogether. Should another 
bird be then introduced into the same air, it will die in 
the course of a few. seconds; or if a lighted candle be im- 
mersed in it, its flame will be extinguished. Respiration and 
combustion have therefore the same effect: An animal can- 
not live in an atmosphere which is unable to support com- 
bustion; nor can a candle burn in air which is unfit for 
respiration. . 


ON THE THEORY OF COMBUSTION, 


Two meanings are attached to the term combustion. In - 
its old signification it means the combination of combustible 
matter with oxygen gas under evolution of heat and light. 
According to recent usage it is extended toad instances of 
chemical. action where heat, and light make their appearance, 
I shall employ the term at present in its former sense. 4.) , 

For many years prior to the discovery of oxygen, the phe- 
nomena of combustion were explained on -the; Stahlian ‘or 
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phlogistic hypothesis. All combustible bodies, according to" 
Stahl, contain a certain principle which he called phlogiston, to’ 
the presence of which he ascribed their combustibility. ° He 
supposed that when a body burns, phlogiston escapes from it 
and that when the body has lost phlogiston, it ceases to be’ 
combustible, and is then a dephlogisticated or incombustible’ 
substance. A metallic oxide was consequently regarded as 
a simple substance, and the metal itself as a compound of its 
oxide with phlogiston. The heat arid light which accom- 
pany combustion were attributed to the rapidity with which 
phlogiston is evolved during the process. © | 
' The discovery of oxygen proved fatal to the Stahlian 
doctrine. Lavoisier had the honour of overthrowing it,’ 
and of substituting in its place the antiphlogistic theory. 
The basis of his doctrine has already been stated ;—that 
combustion and oxidation in general consist in the com- 
bination of the combustible material with oxygen. ‘This 
fact ‘he established beyond a doubt. On burning phos- 
phorus in a jar of oxygen, he observed that a consider-’ 
able quantity of the gas disappeared, that the phosphorus 
gained considerably in weight, and that the increase of the 
latter exactly corresponded to the loss of the former. An 
iron wire was burnt ina similar manner, and the weight of 
the oxidized iron was found equal to that of the wire origi- 
nally employed, added to the quantity of oxygen which had 
disappeared. ‘That the oxygen is really present in the oxi- 
dized body he proved by a very decisive experiment. Some 
liquid mercury was confined in a vessel of oxygen gas, and 
exposed to a temperature sufficient for causing its oxidation. 
The oxide of mercury, so produced, was put into a small re- 
tort and heated to redness, when it was reconverted into oxy- 
gen and fluid mercury, the quantity of the oxygen being 
éxactly equal to what had combined with the mercury in tHe 
first part of the operation. 

- To account for the produétion’ of heat and light ani 
donibustieti fsavoisier had recourse to Dr. Black’s ’ Theory of 
latent caloric. Heat is ‘always’ evolved, whenever ‘a ‘sub- 
stance, ‘without change of form, passes from a rarer into a 
denser state, and’also when a gas becomes liquid or solid, or 
a liquid solidifies ; because a quantity of calorie previously 
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combined, or latent within it, ‘is then set free. Now this is’ 
precisely what happens in many’ instances ‘of combustion. 
‘Phus water is formed by the burning of hydrogen, in which 
ease two gases give rise to a liquid ; ‘and in forming phospho- 
rie acid with phosphorus, or in oxydizing the metals, oxygen 
is condensed into a solid. "When the product of combustion 
is gaseous, as in the burning of charcoal, the evolution of heat 
is ascribed to the circumstance’ that the’ oxidized body con- 
tains a less quantity of combimed caloric,-or has a less specific 
caloric, than the substances which form it. 

‘This is the weak point of Lavoisiet’s theory. Chemical 
action is very | often accompanied by an increase of tempera-' 
ture, and the caloric’ evolved during combustion is only a” 
particular instance of it! “Any’theory, therefore, by which’ 
it is proposed to account for the production of heat in somé’ 
cases, ought to be applicable to all.’’’ When combustion, or 
any other chemical action is followed’ bya considerable’ con-" 
densation, in consequence of which the new body contains less 
inséensible caloric than its elements’did before’ combination, 
it is Obvious that heat will, in that case, be disengaged. But 
if this is the sole cause of the phenomenon, it follows that arise’ 
of temperature ought always to be preceded bya corresponding 
diminution of capacity for caloric, and that the extent of the 
former ought to be in a constant ratio with the degree of the 
latter. Now Petit and Dulong infer from their researches on 
this subject, (Annales de Chim, et de Phys. vol. x.) that the 
degree of heat developed during combination, bears no rela- 
tion to the specific caloric of the combining substances; and 
that in the majority of cases, the evolution of heat is not at- 
tended by any diminution in the capacity of the compound. 
It is a well-known fact, that an increase of temperature’ fre.’ 
quently attends chemical action, though the products contain’ 
much more insensible ‘caloric than the substances which® form’ 
them. © This happens remarkably inthe’ explosion ‘of puns 
powder, whichis attended by ‘an intense heat; and’ yet its 
materials, in passing from the solid to the gaseous’ state, ex- 
pand ‘at least “to 250 times their volume, and’ consent 
render latent a large quantity ‘of caloric, 9. 0727 of bolaed 

* These circumstantes leave no doubt that the evolitioh tof 
caloric duting chemical action is owing’ to some cause quite 
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unconnected with that assigned by Lavoisier; and if this. 
cause operates so powerfully in some cases, it is fair to infer’ 
that a part of the effect must be owing to it on those occa- 

sions, when the phenomena appear to depend on a change of 
capacity alone. A new theory is therefore required to account 

for the chemical production of heat. But it is easier to per-- 
ceive the fallacies of one doctrine, than, to substitute another 

which shall be faultless; and it appears to me that chemists 

must, for the present, be satisfied with the simple statement, 

that energetic chemical action does of itself give rise to an 

increase of teraperature. Sir H. Davy and Berzelius, indeed, 

regard the heat of combination as an electrical phenomenon, 

on the supposition that the two combining substances are op- 

positely electrified. But such an opinion can hardly be 

maintained, except by those who assume that electricity is the 

cause of chemical affinity,—an opinion which I have not 

adopted for reasons already stated. Nor do we gain materi- 

ally: by the supposition ; for the cause of the production of 
heat, when two oppositely electrified bodies communicate : 
with one another, is no less obscure and unintelligible than, 

the phenomena which it is employed to explain. 


SECTION IV. 


HY DROGEN. 


Tuts gas was formerly termed. inflammable air from its cont 
bustibility, and phlogiston from the supposition that it was 
the matter of heat; but the name hydrogen, derived from 
bdwe water, has now become general. Its nature and leading 
properties were first pointed out by Mr. Cavendish. 
Hydrogen gas may be easily prepared in two ways. The 
fat consists in passing the vapour of water over metallic iron 
heated to redness. ‘This is done by putting iron wire into a 
gun-barrel open at both ends, to one of which is attached a 
retort containing pure water, and to the. other a bent tube. 
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‘The gun-barrel is placed in a furnace, and when it has ac. 
-quired a full red heat, the water in the retort is made to boil 
‘briskly. The gas, which is copiously disengaged as soon as 
the steam comes in contact with the glowing iron, passes along 
the bent tube, and may be collected in convenient vessels, by 
‘dipping the free extremity of the tube into the water of a 
pneumatic trough.* Thesecond and most convenient method 
consists in putting pieces of iron or zinc into dilute sulphuric 
acid, formed of one part of strong acid to four or five of water. 
Zinc is generally preferred. The hydrogen obtained in these 
processes is not absolutely pure. ‘The purest iron wire con- 
tams traces of charcoal, in consequence of which the gas 
formed by its means, is apt to contain carbonic acid, and most 
probably carburetted hydrogen. The zinc of commerce con- 
tains both charcoal and sulphur, so that in addition to the 
gases just mentioned, the hydrogen derived from this source 
is contaminated with sulphuretted, and perhaps with car. 
buretted hydrogen. A little metallic zinc is also contained 
in it, apparently m combination with hydrogen, All these 
impurities, carburetted hydrogen excepted, may be removed 
by passing the hydrogen through a solution of pure potash, 
To obtain hydrogen of great purity, distilled zinc should be 
employed. 

Hydrogen is a colourless gas, and has neither odour nor 
taste when perfectly pure. It is a powerful refracter of 
light. Like oxygen, it cannot be resolved into more simple 
parts, and, like that gas, has hitherto resisted all attempts to 
compress it into a liquid. It is the lightest body in nature, 
and is consequently the best material for filling balloons. It 
is exactly 16 times hghter than oxygen, and therefore 100 
cubic inches of it at 60° F. and 30 Bar. must weigh =** or 
2.118 grains. Its specific gravity is consequently 0. 0694, as 
stated some years ago by Dr. Prout. 

Hydrogen does not change the blue colour of vijceabiae 
It is sparingly absorbed by water, 100 cubic inches of that 
liquid dissolving about one and a half of the gas. It can- 
not support respiration; for an animal soon perishes when 


* The mode of collecting gases, together with the apparatus employed for 
that purpose, will be described in the fourth part of this work. 
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confinedin it. Death ensuesfrom deprivation of oxy gen rather 
than from any noxious quality of the hydrogen, | since an at- 
mosphere composed of a due proportion of oxygen and. hy- 
drogen may be respired without inconvenience.. Nor is ita 
supporter of combustion ; for when a lighted candle fixed on 
wire is passed up into an inverted jar full of hydrogen, the 
light disappears on the instant. / 

- Hydrogen gas is inflammable in an eminent degree, though, 
like other combustibles, it requires the aid of a supporter fir 
enabling its combustion to take place. This is exemplified 
by the experiment above alluded to, in which the gas is kin- 
dled by the flame of the candle, but burns. only where it is in 
contact. with the air: Its combustion, when conducted in this 
manner, goes on tranquilly, and is attended with a yellowish 
blue flame and a very feeble light. , The phenomena are dif- 
ferent when the hydrogen is ss peach mixed with a due 
quantity of atmospheric air...The approach of flame not 
only sets fire to the gas near it, but the whole is kindled at 
the same instant; a flash of light passes through the mixture, 
which is followed by a violent explosion. The best propor- 
tion for the experiment is two measures of hydrogen, to five 
or six of air... The explosion is far more violent when pure 
oxygen is used instead of atmospheric air, particularly when 
the gases are mixed together in the ratio,of one. measure of 
oxygen to two of hydrogen. 

Oxygen and hydrogen gases cannot combine at ordinary 
temperatures, and may, therefore, be kept in a state of mix- 
ture without even gradual combination taking, place. be- 
tween them. Hydrogen, may. be.seton fire, when in contact 
with air or oxygen gas, by flame, by a solid. body heated to 
bright redness, and by the.electric spark. . Ifa jet of hydro, 
gen be thrown upon recently. prepared spongy ‘platinum, 
this metal almost instantly becomes red-hot, and then sets 
fire to. the gas, a discovery, which was made three years 
ago. by Professor Doebereiner, of Jena... The. power, of 
flame, and electricity in causing a mixture of hydrogen with 
an air or oxygen, gas to explode, is. limited... Mr.. Caven- 
dish found that flame occasions a very feeble explosion 
when the, hydrogen),is mixed with. nine times ,its .bulk »of 


air; and that a mixture of four measures of hydrogen’ 'to 
1 
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one of .air does: not explode at. all. , An. explosive mixture 
formed of two measures of hydrogen to one of oxygen, ex- 
plodes from. all the causes above enumerated... M. Biot found 
that. sudden and violent compression. likewise, causes an 
explosion, apparently from the heat emitted during the ope- 
fation ; for an equal degree of condensation, sletuba produc- 
ed, has not the same effect. The electric. spark ceases to 
cause a detonation when the explosive mixture, is diluted 
with twelve times its volume of .air, fourteen of oxygen, or 
nine of hydrogen, or when it is expanded to sixteen times its 
‘bulk by diminished, pressure. I find that spongy platinum 
acts just as rapidly as flame or the electric spark in produc- 
ing an explosion, provided the gases are quite pure and mixed 
in the exact ratio of two to one.* 

When the action..of heat, the electric spark, and sporty 
platinum no longer, cause an explosion, a silent and gra- 
dual combination between the gases may still be occasioned | 
by them. Sir H. Davy observed that oxygen and hydrogen 
‘unite slowly with one another, when they,are exposed toa 
temperature above the boiling, pomt, of mereury, and. below 
‘that at which glass: begins to appear luminous, in the dark. 
An explosive mixture diluted with air to/too great.a degree 
to.explode by electricity, is: made, to unite silently by a-suc- 
cession of electric sparks, Spongy ‘platinum causes them to 
unite slowly, though mixed with one hundred times their 
bulk of oxygen gas, 

A large quantity of caloric is evolved duiog the aombug- 
tion of hydrogen gas, Lavoisier concludes from experiments 
made with his calorimeter, (Elements, vol. 1.) that.one pound 
of hydrogen occasions so. much heat in burning.as is suffi- 
cient to melt 295.6 pounds of ice. Mr. Dalton fixes the 
quantity of ice at 320 pounds, and Dr. Crawford at 480. 
‘The most intense heat that can be produced, is caused by 
the combustion of hydrogen in oxygen gas. Dr. Hare of 
} ; ; ; , 4 1), 5 
| * For a variety of facts respecting the causes which prevent the ‘action of 
flame, electricity, and platinum in producing an explosion, the reader-may 
consult the Essay of M. Grotthus in the Ann. de Chimie, v. lxxxii. Sir, 
Davy’s work on Flame; Dr. Henry’s Essay in the Philosophical Wransaetions 


for 1824; and a paper be ti hgit in the Edinburgh Eni J ii ere for 
the'same year. © . int 
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Philadelphia, who first burned hydrogen for this purpose, 
collected the gases in separate gas-holders, from which a stream 
was made to issue through tubes communicating with one 
another, just before their termination. “At this point the jet 
of the mixed gases was inflamed. The effect of the combus- 
tion, though very great, is materially increased by forcing a 
proper mixture of the two gases into a strong metallic syringe, 
and burning them as they escape from it. An apparatus of 
this kind, now known: by the name of the oxy-hydrogen 
blowpipe, was contrived by Mr. Newman, and was employed 
‘by the late Professor Clarke in-his experiments on the fusion 
of refractory substances. On opening a stopcock which con- 
fines the condensed gases, a jet of the explosive mixture issues 
with force through a small blowpipe tube, at the extremity 
of which it is kindled. In this state, however, the apparatus 
should never be used ; for, as the reservoir is itself full of an 
explosive mixture, there is great danger of the flame running 
back along the tube and setting fire to the whole gas at once. 
To prevent the occurrence of such an accident, which would 
most probably prove fatal to the operator, Professor Cumming 
proposed that the gas, as it issues from the reservoir, should 
be made to pass through a cylinder full of oil or water before 
reaching the point at which it is to burn; and Dr. Wollaston 
suggested the additional precaution of fixing successive lay- 
ers of fine wire gauze within the exit tube, each of which 
should intercept the communication of flame. But this ap- 
paratus is rarely necessary in chemical researches. A very 
intense heat, quite sufficient for most purposes, may be safely 
and easily procured by passing a jet of oxygen gas through 
the flame of a spirit lamp, as proposed by the late Dr. 
Marcet. | 
Water is the sole product of the combustion of hydrogen gas. 
For this important fact, we are indebted to Mr. Cavendish. 
He demonstrated it by burning oxygen and hydrogen gases in 
a dry glass vessel, when a quantity of pure water was generated 
exactly equal in weight to that of the gases which had. disap- 
peared. This experiment, which is the synthetic proof of the 
composition of water, was afterwards made on a much larger 
scale in Paris, by Vauquelin, Fourcroy, and Seguin. Lavoisier 
first demonstrated its nature analytically, by passing a known 
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quantity of watery vapour over metallic iron heated to.redness 
in a glass tube. . Hydrogen. gas was disengaged, the metal in 
the tube was oxidized, and the weight of the former, added 
to the increase which the iron had experienced from combin- 
ing with oxygen, -exactly corresponded to the quantity of 
water which had been. decomposed. : 

It will soon appear that a knowledge of the exact. propor- 
tions in which oxygen,and hydrogen gases unite to form wa- 
ter is.a necessary element in many chemical reasonings.' Its 
composition by volume was demonstrated very satisfactorily by 
Messrs. Nicholsonand Carlisle, in their researches. on the che- 
mical agency of galvanism. On resolving water into its eles 
ments by this agent, and collecting them in separate vessels, 
they obtained precisely two measures of hydrogen: to; one, of 
oxygen,—a result: which has,been fully confirmed by. subse- 
quent experimenters. ‘The same fact was proved synthetically 
by Gay~Lussac and Humboldt, in their Essay on Eudiometry, 
published in the Journal de Physique for 1805. 'They found 
that when a mixture of oxygen and hydrogen is inflamed by 
the electric spark, those gases always unite in the exact ratio 
of one to two, whatever may be their relative quantity in the 
mixture. When one measure of oxygen is mixed with three of 
hydrogen, one measure of hydrogen is the residue after the ex- 
plosion ; and.a mixture of two measures of oxygen and two of 
hydrogen leaves one measure of oxygen. When one volume of 
oxygen is mixed with two.of hydrogen, both gases, if quite 
pure, disappear entirely on the electric spark being passed 
through them. ‘The composition of water by weight was de- 
termined, with great care by Berzelius and Dulong; and we 
cannot hesitate, considering the known dexterity of the opera- 
tors, and the principle on which their method of analysis was 
founded, to regard their result as a nearer approximation to 
the truth than that of any of their predecessors. They state 
as a mean.of three careful experiments, (Ann. de Ch. et de 
Ph., vol. xv.) that 100 parts of pure water consist of 88.9 of 


oxygen and 11.1 of ciao Now, 
1 2 8B9,.¢ ne : 8.009 


which is so near the muiieehaa of 1 to 8 as to. justify the 
M 
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adoption of that ratio. Hence, the constitution of water by 
weight and measure, may be thus stated : | 


By Weight. By Volume, 
Oxy gemiccjgevnc8: goon rd 
Hydrogen. ‘.szuqhgon h.gosg i ; 

These are the data from which it was inferred that oxygen 
gas is just 16 times heavier than hydrogen. The atomic 
weights of oxygen and hydrogen are deduced from the same 
analysis, As no compound of these substances is known 
which has a less proportion of oxygen than water, it is sup- 
posed to contain one atom of each of its constituents, This 
view of the atomic constitution of water is justified by the 
strong affinity which its elements evince for one another, as 
well as from the proportions with which. they respectively 
combine with other bodies. ‘The reasons for rejecting the 
idea of its being formed of one atom of oxygen to two atoms 
of hydrogen have been already stated. Consequently,  re- 
garding the atom of hydrogen as unity, eight will be the re- 
lative weight of an atom of oxygen. 

The processes for forming hydrogen gas. will now. be sted 
ligible. The first is the method by which Lavoisier made 
the analysis of water. It is founded. on the fact that iron at 
a red heat decomposes water, the oxygen of that liquid unit- 
ing with the metal, and hydrogen gas being set free. That 
the hydrogen which is evolved when zinc or iron is put into 
dilute sulphuric acid must be derived from the same:souree, 
is obvious from the consideration that of the three substances, 
iron, sulphuric acid, and water, the last is the only one which 
contains hydrogen. The product of the operation, besides 
hydrogen, is the sulphate of the protoxide of iron, if iron is 
used, or of the oxide of zinc, when zinc is.employed. The 
knowledge of the combining proportions of these substances 


will readily give the exact quantity of each product. These 
numbers are, 


Water (8 oxy..--Lhyd.) rel / 9: 3 
Sulphuric acid é : 2 , 40 
Iron 4 5 28 


Protoxide of iron e 98 j iron is 8 pfiesy ei 36 
Sulphate of the protoxide of iron (40+ 36). 76 
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Hence for every 9 grains of water which. is: decomposed, 1 
grain of hydrogen will be set free ;' 8 grains of oxygen will 
unite with 28 grains of iron, forming 36 of the protoxide of 
iron ; and the 36 grains of the protoxide will combine with 
40 grains of sulphuric acid, forming 76 of the sulphate of 
the protoxide of iron, A: similar calculation may be employ- 
ed when zinc is used, merely by substituting the’ atomic 
weight of zinc (34) for that of iron.—According to Mr. Ca- 
vendish, an ounce of zine yields 676. cubi¢cinches, and: an 
equal quantity of iron.'782 cubic inches of hydrogen gas.’ 

The action of diluted sulphuric’ acid on metallic! zine af- 
fords an instance of what was once called Disposing Affinity. 
Zinc cannot decompose water at common temperatures ; but 
as soon’ as sulphuric acid is added, the decomposition :of the — 
water takes place rapidly, though the acid merely unites with 
the oxide of zinc.. The former explanation was, that the 
affinity of the acid for the oxide of zinc disposed the metal to 
unite with the oxygen, and thus enabled it to decompose water; 
that is, the oxide of zine was supposed to produce.an effect 
previous to its existence. The obscurity of this explanation 
arises from regarding changes: as consecutive, which aren 
reality simultaneous... There is no appearance of succession 
in the process; the oxide.of zine is not formed: previously to 
its combination with the acid, but atthe same instant. ‘There 
is, as it were, only one chemical change, which consists in the 
combination at one and the same moment of the zine with 
the oxygen, and'the oxide of zinc with the acid; and this 
change occurs because these two affinities, acting together, 
overcome the attraction: of yom — hydrogen for one an- 
other, + 

Water is a transparent coloutless liquid, which has neither 
smell nor taste... It is a powerful: refractor of light, conducts 
heat very slowly, and is an imperfect conductor’ of electricity. 
It} is compressible by very strong pressure. This fact. was 
long disputed ; but: Mr. Perkins’ finds that. the: pressure of 
2000 atmospheres occasions a diminution of 14Qth of its bulk. 
The relations of water, with respect to caloric, are highly ims — 
portant, but have already been!discussed in the first part of 
the work, The specific: gravity of water is 1, the density of 
all solid and liquid bodies being referred to, it as a term of 
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comparison. One cubic inch at 60° F. and 30 Bar., weighs 
252.525 grains, so that it is 828 times heavier than atmo- 
spheric air. | 
Water is one of the most powerful chemical agents which 
we possess. Its agency 1s owing partly to the extensive range 
of its own affinity, and partly to the nature of its elements. 
The effect of the last circumstance has already appeared in 
the formation of hydrogen gas; and indeed there are few 
complex chemical changes which do not give rise either to the 
production or decomposition of water. But, independently 
of the elements of which it is composed, it combines directly 
with many bodies. Sometimes it is contained in a variable 
ratio, as in ordinary solution; in other compounds it is pre- 
sent in a fixed definite proportion, as is exemplified by its 
union with several of the acids, the alkalies, and all salts that 
contain water of crystallization. These combinations are 
termed hydrates ; thus, the strongest liquid sulphuric acid is 
a compound of one atom of the real dry acid and one atom 
of water; and its proper name is hydrous sulphuric acid, or 
hydrate of sulphuric acid. The adjunct hydro has-been 
sometimes used to signify the presence of water in definite 
proportion ; but it is advisable, to prevent mistakes, to limit 
its employment to the compounds of hydrogen. | 
The purest water which can be found as a natural product, 
is procured by melting freshly fallen snow, or by receiving 
rain in clean vessels at a distance from houses. But this water 
is not absolutely pure; for if placed under the exhausted re- 
ceiver of an air-pump, or boiled briskly for a few minutes, 
bubbles of gas escape from it. The air obtained in this way 
from snow water, is much richer in oxygen gas than atmo- 
spheric air. According to the experiments of Gay-Lussac 
and Humboldt, it contains 34.8 per cent. of oxygen, and the 
air separated by ebullition from rain-water contains 32 per 
cent. of that gas. All water which has once fallen on ‘the 
ground, becomes impregnated with more or less earthy or 
saline matterg% and it can be separated from them only by 
distillation. ‘The distilled water, thus obtained, and pre- 
served in clean well-stopped bottles, is absolutely pure. 
Recently boiled water has the property of absorbing a por- 
_ tion of all gases, when its surface is in contact with them ; and 
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the absorption is promoted by brisk agitation. The follow- 
ing table, from Dr. Henry’s Chemistry, shows the absorb- 
ability of different gases by water, deprived of all its air by 
ebullition. 

100 cubic inches of such water, at the mean pa “nee 


oa pressure, absorb of 


Dalton and Henry. Saussure. 
Sulphuretted Hydrogen 100 C.J... 253 
Carbonic Acid : ? 100 ; 106 
Nitrous Oxide Seer 100 ‘ 76 
Olefiant Gas . : 12.5 ro 15.3 
Oxygen ; ; 3.7 : 6.5 
Carbonic Oxide. a 1.56 4 & 62 
Nitrogen , ; 1.56 P 4.1 
Hydrogen , , 1.56 ‘ 4.6 


The estimate of Saussure is in general too high. That of 
Mr, Dalton and Dr. Henry for nitrous oxide is considerably 
beyond the truth, according to the experiments of Sir H, 
Davy. 


DEUTOXIDE OF HYDROGEN. 


. The deutoxide, or peroxide of hydrogen, was discovered by 
M. Thénard in the year 1818. Before describing the mode 
of preparing this compound, it must be observed that there 
are two oxides of barium, and. that when the peroxide of that 
metal is put into water containing free muriatic acid, oxygen 
gas is set at liberty, and the peroxide is converted into the 
protoxide of barium or baryta, which combines with the acid, 
When this process is conducted. with the necessary precau- 
tions, the oxygen which is set free, instead of escaping in the 
form of gas, unites with the hydrogen of the water, and brings 
it toa maximum of oxidation. Fora full detail of all the 
minutize of the process, the reader may consult the original 
memoir of M. Thénard ; * the general directions are the fol- 


“Inthe An, de Chim. et de Phys. vol. viii. ix. and x. ; Annals of Philosophy 
yol. xiii. and xiv.; and M. Thénard’s Traité de Chimic. 
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lowing :—To six or seven ounces of water, add'so much pure 
concentrated muriatic acid as is sufficient to dissolve 230 
grains of baryta, and after having placed the mixed fluids in 
a glass vessel surrounded with ice, add in successive portions 
185 grains of the deutoxide of barium reduced to powder, 
and stir with a glass rod after each addition. » When the so- 
lution, which takes place without effervescence, is complete, 
sulphuric acid is added in sufficient quantity for precipitating 
the whole of the baryta in the form of an insoluble sulphate, 
so that the muriatic acid which had been combined with that 
earth, is completely separated from it. Another’ portion of 
the deutoxide of barium, amounting to 185 grains, is then 
put into the liquid; the free muriatie acid instantly acts 
upon it, and as soon as it is dissolved, the baryta is again 
converted into a sulphate by the addition of sulphuric acid, 
The solution is then filtered, to separate the insoluble sulphate 
of baryta, and fresh quantities of the peroxide of barium 
are added in succession, till about three ounces of it have 
been employed. The liquid then contains from 25 to 30 
times its volume of oxygen gas. The muriatic acid ‘which 
has served to decompose the peroxide of barium during the 
whole process, is now removed by the cautious addition of the 
sulphate of silver, and the sulphuric acid is afterwards sepa- 
rated by solid baryta. 

The peroxide of hydrogen, as thus prepared, is still dilut- 
‘ed with a ‘considerable quantity of water. ‘To separate the 
latter, the mixed liquids are placed under the exhausted re- 
ceiver ofan air pump, with a vessel of strong sulphuric acid. 
As the water evaporates, the density of the residue increases, 
till at last it acquires the specifie gravity of 1.452. The con- 
centration cannot be pushed farther; for if kept under the 
receiver after reaching this point, the ‘peroxide itself =, 
2 but' slowly volatilizes without change. 

The peroxide of hydrogen of sp. gr. ‘1.452 is a colourless 
transparent liquid ‘without odour. It whitens the surface of 
the skin when applied to it, causes a prickling sensation, and 
even destroys its texture if the application is long conti- 
nued. It acts in a similar manner on the tongue, in addition 
to which it thickens the saliva, and tastes like certain metallic 
solutions. Brought into contact with litmus and turmeric 
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paper, it gradually destroys their colour and makes them 
white. It is slowly volatilized in vacuo, which shows that its 
vapour is much less elastic than that of water. It preserves 
its liquid form at all degrees of cold to which it has: hitherto 
been exposed. At the temperature of 59° F. it is decompos- 
ed, being converted into water and oxygen gas. For this” 
reason it ought to be pecerureedai in glass tubes surrounded 
with ice. 

The most remarkable property of the peroxide of hydro- 
gen is the facility with which it is decomposed, The diffus- 
ed day-light does not seem to exert any influence over it, and 
even the direct solar rays act upon it tardily. It effervesces 
from the escape ef oxygen at 59° F., and the sudden applica- 
tion of a higher temperature, as of 212° F., gives rise to such 
a rapid evolution of gas as to cause an explosion. Water, 
apparently by combining with the peroxide, renders it more 
permanent ; but no degree of dilution can enable it to bear 
the heatiof boiling water, at which temperature it is decom- 
posed entirely. All the metals except iron, tin, antimony, 
and tellurium, have a tendency to decompose the peroxide of 
hydrogen, converting it into oxygen and water. A state of 
minute mechanical division is essential for producing rapid 
decomposition. If the metal is in mass, and the peroxide di- 
luted with water, the action is slow. The metals which have 
a strong affinity for oxygen are oxidized at the same time, 
such, as potassium, sodium, arsenic, molybdenum, manganese, 
zinc, tungsten, and chromium; while others, such as gold, 
silver » platinum, iridium, osmium, rhodium, peices and 
mercur y, retain the metallic state. 

The peroxide of hydrogen is decomposed at common tem- 
peratures by many of the metallic oxides. That some of the 
peroxides should have this effect, would be anticipated in 
consequence of their tendency ‘to pass into a higher state of 
oxidation, The protoxides of iron, manganese, tin, cobalt, 
and others, act on this principle, and are really converted in- 
to peroxides. -The peroxides of barium, strontium and cal. 
cium may likewise be formed by the action of the peroxide of 
hydrogen on baryta, strontia, and lime, But it isa singular 
fact, and I am not aware that any satisfactory explanation of 
it has been given, that:some oxides decompose the peroxidg 
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of hydrogen without passing into a higher degree of oxidation, 
The peroxides of silver, lead, mercury, gold, platinum, man- 
ganese, and cobalt, possess this property in the greatest per- 
fection, acting on the peroxide of hydrogen, when concentrat- 
ed, with surprising energy. The decomposition is complete 
and instantaneous; oxygen gas is evolved so rapidly as. to 
produce a kind of explosion, and such an intense tempera- 
ture is excited, that the glass tube in which the experiment 
is conducted becomes red-hot. ‘The reaction is very great 
even when the peroxide of hydrogen is diluted with water. 
The oxide of silver occasions a very perceptible effervescence 
when put into water which contains only 1-50th its bulk of 
oxygen. All the metallic oxides, whichare decomposed by ared 
heat, such as those of gold, platinum, silver, and mercury, are 
reduced to the metallic state when they act upon the peroxide 
of hydrogen. This effect cannot be altogether ascribed to the 
caloric disengaged during the action; for the oxide of silver 
suffers reduction when put into a very dilute solution of the 
peroxide, although the decomposition is not then attended by 
an appreciable rise of temperature. 

While the tendency of metals and metallic oxides is to sila 
compose the peroxide of hydrogen, acids have the property 
of rendering it more stable. In proof of this, let a portion 
of that liquid, somewhat diluted with water, be heated till it 
begins to effervesce from the escape of oxygen gas; let some 
strong acid, as the nitric, sulphuric, or muriatic, be then drop- 
ped into it, and the effervescence will cease on the instant. 
When a little gold ina state of fine division is put into a 
weak solution of the peroxide of hydrogen, containing only 
10, 20, or 80 times its bulk of oxygen, a brisk effervescence 
ensues; but on letting one drop of sulphuric acid fall into it, 
the effervescence ceases instantly ; it is reproduced by the ad- 
dition of potash, and is again arrested by adding a second 
portion of acid. The only acids that do not possess this pro- 
perty are those that have a low degree of acidity, as the carbo- 
nic.and boracic acids; or those which suffer a chemical change 
when mixed with the peroxide of hydrogen, as the hydriodic 
and sulphurous acids, and sulphuretted hydrogen. Acids ap- 
pear to increase the stability of the peroxide in the same way 


as water does, namely, by combining chemically with it. Se- 
6 
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veral compounds of this kind were formed by Thénard, be- 
fore he was aware of the existence of the peroxide of hydro- 
gen. ‘They were made by dissolving the peroxide of barium 
in some diluted acid, such as the nitric, and then precipitat- 
ing the baryta by sulphuric acid. As the nitric acid was sup- 
posed under these circumstances to combine with an addition- 
al quantity of oxygen, Thénard applied the term oxygeniz- 
ed nitric acid to the resulting compound, and described seve- 
ral other new acids under asimilar title. But the subsequent 
discovery of the peroxide of hydrogen put the nature of 
the oxygenized acids in a clearer light; for their properties 
are easily explicable on the supposition that they are com- 
posed, not of acids and oxygen gas, but of acids united with 
the peroxide of hydrogen, 

The peroxide of hydrogen was analyzed by diluting a 
known weight of it with water, and then decomposing it by 
boiling the solution. According to two careful analyses, con- 
ducted. on this principle, 864 parts of the peroxide of hydro- 
gen are composed of 466 of water, and 398 of oxygen gas. 
The 466 of water contain 414 of oxygen, whence it may be 
inferred that the peroxide of hydrogen contains twice as much 
oxygen as water. Avsmall deficiency of oxygen in the ex- 
periment was to be expected, owing to the difficulty of ob- 
taining the peroxide of hydrogen perfectly free from water. 
The peroxide consists, therefore, of 


Hydrogen 1 1 proportion. 
Oxygen 16 2 proportions. 


SECTION V. 
NITROGEN. 
Tue existence of nitrogen gas, as distinct from every other 


gaseous substance, appears to have been first noticed by the 
late Dr. Rutherford, in 1772. Lavoisier discovered that it 
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is a constituent part of the atmosphere in 1775, and the 
same discovery was made soon after, or about the same 
time, by Scheele. Lavoisier called it Azote, from @ privative, 
and a life, because it is unable to support the respiration 
of animals; but as it possesses this negative property in com- 
mon with most other gases, the more appropriate term nitro- 
gen has been ‘since applied to it, from the circumstance of its 
being an essential ingredient of nitric acid. 

Nitrogen is most conveniently prepared by burning a piece 
of phosphorus in a jar full of air inverted over water. ‘The 
strong affinity of phosphorus for oxygen enables it to burn 
till the whole of that gas is consumed. The product of the 
combustion, phosphoric acid, is at first diffused through the 
residue in the form of a white cloud; but as this substance 
is rapidly absorbed by water, it disappears entirely in the 
course of halfan hour. The residual gas is nitrogen, con- 
taining a small quantity of carbonic acid and vapour of phos- 
phorus, both of which may be removed by agitating it briskly 
with a solution of pure potash. Several other substances 
may be employed for withdrawing the oxygen from atmo- 
spheric air. A solution of the proto-sulphate of iron, charged 
with the deutoxide of nitrogen, absorbs the oxygen in the 
space of a few minutes. A stick of phosphorus produces the 
same effect in 24 hours, if exposed to a temperature of 60° F. 
A solution of the sulphuret of potash or of lime acts im a si- 
milar manner ; and a mixture of equal parts of iron filings 
and sulphur, made into a paste with water, may be employed 
with the same intention. Both these processes, however, are 
inconvenient from their slowness. Nitrogen gas may likewise 
be obtained by exposing a mixture of fresh muscle and nitric 
acid of specific gravity 1.20 to a moderate temperature. A 
large quantity of gaseous matter is evolved with effervescence, 
which is nitrogen mixed with a little carbonic acid. The 
latter must be removed by agitation with lime water; but 
the residue still retains a peculiar odour, indicative of the 
presence of some volatile principle which cannot be wholly 
separated from it. The theory of this process is somewhat 
complex, and will be considered more conveniently in a sub- 
sequent section. 
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Pure nitrogen is.a colourless gas, wholly devoid of smell 
and taste. It does not change the blue colour of vegetables, 
and is distinguished from other gases more by negative cha- 
racters than any striking quality: It is nota supporter of 
combustion; but, on the contrary, extinguishes all burning 
bodies that are immersed in it. No animal can live in it; 
-but yet it exerts no injurious action either on the lungs or 
on the system at large, the privation of oxygen gas bemg the 
sole cause of death. It is not inflammable like hydrogen, 
though, under favourable circumstances, it may be: made to 
unite with oxygen. Water, when deprived of air by ebulli- 
tion, takes up about one and a half per cent. of it. Its speci- 
fic gravity is 0.9722;* and, therefore, 100 cubic inches of it 
at the mean temperature and. — will weigh 29.652 
grains. 

Considerable doubt ‘existsias; to. ‘the:mature of nitrogen. 
Dhough ranked among the simple non-metallic bodies, some 
circumstances have led to the suspicion that it is compound, 
and this opinion has been warmly advocated by Sir H. Davy 
and Berzelius. The chief argument in favour of this view 
is drawn from the phenomena that attend the formation of 
what is called the ammoniacal amalgam. From the metallic 
appearance of this substance, it was supposed to be a com- 
pound of mercury and a metal; and as the only method of 
forming it is by the action of galvanism on a salt of ammonia, 
in contact with a globule of mercury, it follows that the me- 
tal, if present at all, must have been supplied by the am- 
monia, Now ammonia is composed of hydrogen and nitro- 
gen; and as the former, from its levity, could hardly be sup- 
posed tocontain a metal, it was inferred that it must be present 
in the latter. Unfortunately for this argument, the metal 
cannot be obtained in a separate state. The amalgam no 
sooner ceases to be under the galvanic influence than its ele- 
ments begin to separate spontaneously, and in a few minutes 
the decomposition is complete, the sole products being am- 
monia, hydrogen, and pure mercury. Sir H. Davy accounts 


* This number is calculated on the assumption that air, consists of. one 
measure of oxygen to four of nitrogen, and that 1.1111 is the specific gravity 
of oxygen gas. See Thomson’s First Principles, vol. i. p. 99. 
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for this change on the supposition that water is decomposed ; 
that its oxygen reproduces nitrogen by uniting with the sup- 
posed metal; and that one part of its hydrogen forms am- 
monia by uniting with the nitrogen, while the remainder 
escapes in the form of gas, But Gay-Lussac and Thénard, 
(Recherches Physico-Chimiques, vol. i.) declare that the 
amalgam resolves itself into mercury, ammonia, and hydro- 
gen, even though perfectly free from moisture; and infer from 
their experiments that it is composed of those three sub- 
stances combined directly with one another. It hence ap- 
pears that the examination of the ammoniacal amalgam af- 
fords no proof of the compound nature of nitrogen ; nor was 
Sir H. Davy’s attempt to decompose that gas by aid of po- 
tassium, intensely heated by a galvanic current, attended 
with better success. Berzelius has defended the idea that 
nitrogen is a compound body on other principles; but as his 
arguments, though very ingenious, are merely speculative, 
they cannot be admitted as decisive of the question. 


ON THE ATMOSPHERE. 


The earth is everywhere surrounded by a mass of gaseous 
matter called the atmosphere, which is preserved at its sur- 
face by the force of gravity, and revolves together with it 
around the sun. It is colourless and invisible ; excites nei- 
ther taste nor smell when pure, and is not sensible to the 
touch unless when it is in motion. It possesses the physical 
properties of elastic fluids in a high degree. The knowledge 
of its exact weight is an essential element in many physical 
and chemical researches, and has therefore been determined 
with much care. According to the experiments of Sir G. 
Shuckburgh Evelyn, 100 cubic inches of pure and dry at- 
mospheric air at 60° F. and 80 Bar., weigh exactly 30.5 
grains, Its specific gravity is unity, being the standard 
with which the density of all other elastic fluids is compar- 
ed. Its pressure at the level of the sea is equal to a weight 
of about 15 pounds on every square inch of surface, and 
can support a column of water 34 feet high, and a column of 
mercury of 30 inches. It may be diminished in volume to a 
great extent by compression; and it appears from some re- 
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cent experiments of Mr. Perkins that it becomes: liquid un- 
der a pressure of 2000 atmospheres. This requires confirma- 
tion: if true, it is probable that pure oxygen and nitrogen 
gases may also be liquefied by the same degree of corapression. 
» The extreme compressibility and elasticity of the air ac- 
counts for the facility with whicli it is set in motion, and the 
velocity with which it is capable of moving. | It is subject to 
the laws which characterize elastic fluids in general. It presses, 
therefore, equally on every side ; and when some parts of it 
become lighter than the surrounding portions, the denser 
particles rush rapidly into their place and force the more ra- 
refied ones to ascend. ‘The motion of air gives rise to various 
familiar phenomena. A stream or current of air is wind, and 
an undulatory vibration excites the sensation of sound. © 
The atmosphere is not of equal density at all its parts. 
This is obvious from the consideration that those portions of 
it which are next the earth sustain the whole pressure of the 
atmosphere, while the higher strata bear only a part of it. 
The atmospheric column diminishes in length as the distance 
from the earth’s surface increases; and, consequently, the 
greater the elevation, the lighter must be the air. It is not 
known to what height the atmosphere extends. From cal- 
culations’ founded on the phenomena of refraction, its 
height is supposed to be about 45 miles; and Dr. Wol- 
Jaston estimates, from the law of expansion of gases, that 
it is 40 miles... How far it extends beyond this point 
is a subject for speculation. If matter is infinitely divisi- , 
ble, as many philosophers have supposed, there ought to © 
be no limit to the extent of the atmosphere; it should, on: 
that supposition, pervade all space, and accumulate about 
the sun, moon, and planets, forming around each an atmo- 
sphere, the density of which should. depend on their respec- 
tive forces of attraction. But Dr. Wollaston infers from 
astronomical observations made by hinself and Captain Kater, 
that there is no solar atmosphere; and the observations of 
other astronomers appear to justify the same conclusion with 
respect to the planet Jupiter. The extent of the atmosphere 
must therefore be limited. Now the only mode of accounting, 
for the finite extent of the atmosphere, is on the supposition 
that the air is composed of indivisible particles or atoms’; and 
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if this be true of one kind of matter, there can be no doubt 
that material substances, in general, are of a similar nature. 
Consequently, the absence of an atmosphere around the sun 
and planets demonstrates the truth of the atomic theory.*.- 

- Air was one of the four elements. of the ancient philoso- 
phers, and their opinion of its nature prevailed generally till 
its accuracy was rendered questionable by the experiments of 
Boyle, Hooke, and Mayow. 'The discovery of oxygen gas 
in 1774 paved the way to the knowledge of its real composi- 
tion, which was. discovered about the same time by Scheele 
and Lavoisier. The former exposed some atmospheric air 
to a solution of the sulphuret of potash, which gradually ab- 
sorbed the whole of the oxygen. Lavoisier effected the same 
object by the combustion of iron-wire and. phosphorus. 

The earlier analyses of the air did not. agree very well with 
one another. According to the researches of Lavoisier, it is 
composed of 27 measures of oxygen to'73 of nitrogen. The 
analysis of Scheele gave a:somewhat higher proportionof oxy- 
gen. Priestley found that the quantity of oxygen varies 
from 20 to. 25 per cent.; and Cavendish estimated it only 
at 20. These discrepancies must have arisen from imperfec- - 
tions in the mode of analysis; for the proportion of oxygen 
has been found by subsequent experiments to be almost, if 
not exactly, that which was stated. by Mr. Cavendish. The 
results of Scheele and Priestley are clearly referrible. to this 
cause. It is now known that the processes they employed: 
cannot be relied on, unless certain precautions are taken of 
which those chemists were ignorant. Recently boiled water 
absorbs nitrogen; and, consequently, if the sulphuret of pot- 
ash be dissolved in that liquid by the aid of heat, the solu- 
tion takes up a portion of nitrogen during the process, and 
thereby renders the apparent absorption of oxygen too greats 
This inconvenience may .be avoided: by dissolving the alka- 
line sulphuret in cold unboiled water. The deutoxide of nix 
trogen employed by Priestley, removes all the oxygen in the 
course of a few seconds; but for reasons which will: soon. be 
mentioned, its indications are very apt to be fallacious. The 
combustion of phosphorus, as well as the gradual oxidation 


* See Dr. Wollaston’s paper on the Finite Extent of the Atmosphere in 
the Phil. Trans. for 1822. 
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of that substance, acts in a very uniform manner, and ‘re- 
moves the whole of the oxygen completely. The _resi- 
dual nitrogen contains a little of the vapour of phosphorus, 
which increases the bulk of that gas by 1-40th, for which an 
allowance must be made in estimating the real quantity of 
nitrogen. 

- Since chemists: have learned. the precautions to be taken in 
the analysis of the air, a close correspondence has been. ob- 
served in the results of their experiments upon it. The re~ 
searches of Davy, Dalton, Gay-Lussac, ‘Thomson, and others, 
leave no doubt that 100 measures of pure atmospheric air 
consist of 20.or 21 volumes of oxygen, and 80 or 79 of ni- 
trogen... Dr. Thomson, whose analysis is the most. recent,, 
fixes the quantity of oxygen at. 20 per cent, and the reasons) 
he has assigned for regarding this estimate as more accurate 
than the other, appear satisfactory. The oxygen was deter- 
mined (First Principles of Chemistry, vol. 1. p. 97,) by mix- 
ing with: the air a quantity of hydrogen, sufficient to convert, 
all the oxygen present into water, and kindling the mixture 
by the electric spark. Water is formed and is condensed ; 
and. since that liquid is composed of one volume of oxygen. to 
two of hydrogen, one-third: of the diminution: must. give the 
exact quantity of oxygen. This process ts so easy of execu- 
tion, and: so uniform in its indications, that it is now. employ 
ed nearly to the total exclusion of all others. 

Such is the constitution of pure atmospheric air. But. the 
atmosphere is never absolutely pure; for it always contains a 
certain variable quantity of carbonic acid and. watery vapour, 
besides the odoriferous matter of flowers and other volatile 
substances, which are also frequently present. The carbonic 
acid. never exceeds one in 100) parts, provided there is a free 
circulation of air, and generally amounts only to 1-1000th or, 
1-2000th of the whole. Saussure found it in air collected. at, 
the top: of Mont-Blanc; and, indeed, it: exists at. all altitudes 
which have been hitherto attained. 

The chief chemical properties of the atmosphere are eve 
to the presence of oxygen gas. Air from which this: princi« 
ple: has been withdrawn is) nearly inert. It can no longer 
support respiration and combustion, and metals are not. oxi- 
dized by being heated in it. Most of the spontaneous changes 
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which mineral and dead organized matters undergo, are ows) 
ing to the powerful affinities of oxygen. The uses of nitro- 
gen are in a great measure unknown. It was supposed to act) 
as a mere diluent to the oxygen; but it most probably serves 
some useful purpose in the economy of animals, the exact na- 
ture of which has not been discovered. 

The knowledge of the composition of the air, atid of the 
importance of oxygen to the life of animals, naturally gave rise 
to the notion that the healthiness of the air, at different times, 
and in different places, depends on the relative quantity of this 
gas. It wasthereforesupposed that the purity of the atmosphere, 
or its fitness for communicating health and vigour, might be 
discovered by determining the proportion of oxygen ; and 
hence the origin of the term Ludiometer, which was applied 
to the apparatus for analyzing the air. But this opinion, 
though at first supported by the discrepant results of the 
earlier analysts, was soon proved to be fallacious. It appears, 
on the contrary, that the composition of the air is not only 
constant in the same place, but is the same in all regions of 
the earth, and at all altitudes. Air collected at the summit of 
the highest mountains, such as Mont-Blanc and Chimborazo, 
contains the same proportion of oxygen as that of the lowest 
valleys. The air of Egypt was found by Berthollet tobe si- 
milar to that of France, The air which Gay-Lussac brought 
from an altitude of 21,735 feet above the earth, had the sanie 
composition as that collected at a short distance from its sur- 
face. Even the miasmata of marshes, and the effluvia of in-: 
fected places, owe their noxious qualities to some principle of 
too subtile a nature to be detected by chemical means, and. 
not to a deficiency of oxygen. Seguin examined the infec-. 
tious atmosphere of a hospital, the odour of which was almost: 
intolerable, and could discover po appreciable deficiency of 
oxygen, or other peculiarity of composition. 

The question has been much discussed whether the 
oxygen and nitrogen gases of the atmosphere are simply 
mixed, or chemically combined with one another. » Ap- 
pearances are at first view greatly in favour of the Jatter 
opinion. Oxygen and nitrogen gases differ in density; and 
therefore it might be expected, were they merely mixed to- 
gether, that the oxygen as the heavier gas, ought, in obedi- 


NITROGEN. 179 


ence to the force of gravity, to collect in the lower regions of 
the air, while the nitrogen should have a tendency to occupy 
the higher. But this has nowhere been observed. If air be 
confined in a long tube, preserved at perfect, rest, the upper 
part of it will contain just.as much oxygen as the lower, even 
after an interval of many months; nay, if the lower part of it 
be filled with oxygen, and the upper part with nitrogen, they 
will be found in the course of a few hours to have mixed in- 
timately with one another. The constituents of the air are, al- 
so, in the exact proportion for combining., . By, measure they 
are in the simple ratio of one to four, which agrees perfectly 
with the law. of combination by volume; by weight they are 
as 8 to 28, which is one proportion of oxygen to two of ni- 
trogen. 

Strong as are these arguemiente in favour of the. chemical 
theory, it 1s nevertheless liable to objections which appear in- 
superable. The atmosphere possesses all the characters that 
should. arise from a mechanical mixture. There is not, as in 
ail other. cases of chemical union, any change in the bulk, 
form, or other qualities. of its elements. The nitrogen 
manifests no atiraction for the oxygen. All bodies which 
have an affinity for oxygen, abstract it from the. atmos- 
phere with as much facility as if the nitrogen, was absent 
altogether... Even water effects this. separation; for the air 
which is expelled from rain water by ebullition, contains more 
than 20 per cent. of oxygen. When. oxygen and nitrogen 
gases are mixed together in the ratio of 1 to 4, the, mix- 
ture occupies precisely five volumes, and has every proper- 
ty of pure atmospheric air. The refractive power of the 
atmosphere is precisely such as a mixture of oxygen and 
nitrogen ought) to have, and different from. what would be 
expected ‘were its elements chemically united. (Edinburgh 
Journal of Science, No. 8.) 

Since the elements of the air cannot be regarded as in a state 
of actual combination, it is necessary to account for the steadi- 
. hess of their proportion on some other principle. Chemists 
are divided on this subject between two opinions, It is con- 
ceived, according to one view, that the affinity of oxygen.and 
nitrogen for one another, though insufficient to cause their 
combination when mixed together at ordinary temperatures, 

N 


180 NITROGEN. 


might still operate in such a manner as to prevent their se« 
paration ; that a certain degree of attraction is even then ex- 
erted between them, which is able to counteract the tendency 
of gravity. An opinion of this kind was advanced by Ber- 
thollet, in his Statique Chimique, and was defended by the 
Jate Dr. Murray. This doctrine, however, is not satisfactory, 
It is, indeed, quite conceivable that oxygen and nitrogen may 
attract each other in the way supposed ; and it may be ad- 
mitted that this supposition explains why these two gases 
continue in a state of perfect mixture. But still the explana- 
tion is unsatisfactory; and for the following reason :—Mr. 
Dalton took two cylindrical vessels, one of which was filled 
with carbonic acid, the other with hydrogen; the latter 
was placed perpendicularly over the other, and .a communi- 
cation was established between them. In the course of a few 
hours hydrogen was detected in the lower vessel, and carbo- 
nic acid in the upper. If the upper vessel be filled with oxy- 
gen, nitrogen, or any other gas, the same phenomena will en- 
sue; the gases will be found, after a short interval, to be in 
a state of mixture, and will at last be distributed equally 
through both vessels. Now,this result cannot, with any shadow 
of reason, be ascribed to the action of affinity. It is well known 
that carbonic acid cannot be made to unite either with hydro- 
gen, oxygen, or nitrogen; and, therefore, it is quite gratui- 
tous to assert that it has an affinity for them. Some other 
power must be in operation, capable of producing the mix- 
ture of gases with one another, independently of chemical at- 
traction; and if this power can cause carbonic acid to 
ascend through a gas which is 22 times lighter than itself, it 
will surely explain why oxygen and nitrogen, the densities of 
which differ so little, should mix together in the atmosphere. 

The explanation which Mr. Dalton has given* of these 
phenomena, is founded on the assumption that the particles of 
one gas, though highly repulsive to each other, do not repel 
those of a different kind. It follows, from this supposition, that 
one gas isa vacuum with respect to another; and, therefore, 
af a vessel full of carbonic acid be made to communicate with 
another of hydrogen, the particles of each gas insinuate them- 


* Manchester Memoirs, vol. v. 
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selves between the particles of the other, till they are equally 
diffused through both vessels. ‘The particles of the carbonic 
acid do not indeed fill the space occupied by the hydrogen 
-with the same velocity as if it were a real vacuum, because the 
particles of the hydrogen afford a mechanical impediment to 
their progress. The ultimate effect, however, is the same as 
if the vessel of hydrogen had been‘a vacuum. — 

Though it would not be difficult to find objections to this 
hypothesis, it has the merit of being applicable to every pos- 
sible case; which cannot, I conceive, be admitted of the other. 
It accounts not only for the mixture of gases, but for the 
equable diffusion of vapours through gases, and through each 
other. . 

There is still one circumstance for consideration respecting 
the atmosphere. Since oxygen is necessary to combustion, to 
the respiration of animals, and to various other natural ope- 
rations, by all of which that gas is withdrawn from the,air, it 
is obvious that its quantity would gradually diminish, unless 
the tendency of those causes was counteracted by some com- 
pensating process. ‘To all appearance there does exist some 
source of compensation ; for chemists have not hitherto no- 
ticed any change in the constitution of the atmosphere. ‘The 
only source by which oxygen is known to be supplied, is by 
the action of growing vegetables. A healthy plant absorbs 
carbonic acid. during the day, appropriates the carbonaceous 
part of that gas to its own wants, and evolves the oxygen with 
which it was combined. During the night, indeed, an oppo- 
site effect is produced. Oxygen gas then disappears, and 
carbonic acid is eliminated; but it follows from the experi- 
ments of Priestley and Davy, that plants during 24 hours 
yield more oxygen than they consume. Whether living ve- 
getables make a full compensation for the oxygen removed 
from the air by the processes above mentioned, is uncertain | 
From the great extent of the atmosphere, and the continual 
agitation to which the different parts of it are subject by the 
action of winds, the effects of any deteriorating process would 
be very gradual, and a change in the proportion of its elements 
could be perceived only by observations made at very dis- 
tant intervals. 
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COMPOUNDS OF OXYGEN AND NITROGEN. 


Chemists are acquainted with five compounds of nitrogen 
and oxygen, the composition of which, as deduced from the 
researches of Gay-Lussac, Dr. Hei) and Sir H. per ibe is 


as follows: 


' By Volume. 7 By Weight. 
Nitrogen. Oxygen. Nitrogen. Oxygen. 
Nitrous oxide 100 ; 50 14 g 8 
Nitric oxide “100 . 100 14 ] 16 
Hyponitrous acid 100 a oO 14 : 24 
Nitrous acid 100 LC Soa R00 14 j 32 
Nitric acid 100 2: 8250 14 3 40 


The first of these compounds, as containing the smallest 
quantity of oxygen, is presumed to consist of one atom of 
each element. The atomic weight of nitrogen, that of oxy- 
gen being 8, will therefore be 14. The other four compounds 
must consequently be composed of one atom*of nitrogen, 
united in the second with two, in the third with three, in the 
fourth with four, and in the fifth with five, atoms of oxygen. 


THE PROTOXIDE OF NITROGEN. 


This gas was discovered by Priestley, who gave it the name 
of dephlogisticated nitrous air. Sir H, Davy called it nitrous 
oxide. According to the prindples of chemical nomenclature 
its proper appellation is protowide of nitrogen. It may be 
formed by exposing the nitric oxide for some days to the ac- 
tion of iron filings, or other substances which have a strong 
affinity for oxygen. The nitric oxide loses one half of its oxy- 
gen, and is converted into the protoxide. But the most con- 
venient method of procuring it is by means of the nitrate of 
ammonia. When this salt is exposed to a temperature of 
400° or 500° F. it liquefies, bubbles of gas begin to rise from 
it, and in a short time a brisk effervescence ensues, which 
continues till the whole of the salt disappears.. The nitrate 
of ammonia should be contained in a glass retort, and the 
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heat applied by means of a lamp placed at such a distance 
below it as to maintain a moderately rapid evolution of gas. 

The sole products of this. operation, when carefully con- 
ducted, are water and the protoxide of nitrogen. The theory 
of the process is as follows :— | 


Nitrate of ammonia is composed of 
Nitric acid 54 one proportion. 
Ammonia 17 one proportion. 


71 


The nitric acid consists of 
Nitrogen 14 one proportion. 
Oxygen 40 five proportions. 


54 


And the ammonia of 
Nitrogen 14 one proportion. 
Hydrogen 3 three proportions. 


el 


By the action of heat these elements arrange themselves in 
a new order. ‘The hydrogen takes so much oxygen as is suf- 
ficient for forming ‘water, and the residual oxygen converts 
the nitrogen both of the nitric acid and of the ammonia into 
the protoxide of nitrogen. The decomposition of 71 grains 
of the salt will therefore yield . | 


| et Oxygen  24.0r 3 pr. 
Water ° : 27 or 3 pr. Hydrogen _ $ or 3 pr. 
Oxygen 16 or 2 pr. 


Protoxide of Nitrogen 44 or 2 pr. Nitrogen 28 or 2 pr, 


71 


The protoxide of nitrogen is a colourless gas, which does 
not affect the blue vegetable colours, even when mixed with 
atmospheric air. Recently boiled water, which has cooled 


* 
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without exposure to the air, absorbs nearly its own bulk of 


it at 60° F., and gives it out again unchanged by boiling. 


The solution, like the gas itself, has a faint agreeable odour 
and sweet taste. The action of water upon it affords a ready 
means of testing its purity, removing it readily from all other 
gases, such as oxygen and nitrogen, which are sparingly ab- 
sorbed by that liquid. For the same reason it cannot be pre- 
served over cold water; it should be collected either over hot 
water or mercury. 

The protoxide of nitrogen is a supporter of combustion. 
Most substances burn in it with far greater energy than in the 
atmosphere. Whena recently extinguished candle with a very 
red wick is introduced into it, the flame is instantly restored. 
Phosphorus, if previously kindled, burns in it with great 
briliancy. Sulphur, when burning feebly, is extinguished 
by it; but if itis immersed while the combustion 1s lively, 
the size of the flame is increased considerably. With an 
equal bulk of hydrogen it forms a mixture which explodes 
violently by the electric spark or by flame. In all these cases 
the product of combustion is the same as when oxygen gas 
or atmospheric air is used: The protoxide is decomposed ; 
the combustible matter unites with its oxygen, and the nitro- 
gen is set free. ‘The protoxide of nitrogen suffers decompo- 
sition when a succession of electric sparks are passed through 
it. A similar effect is caused by conducting it through a 
porcelain tube heated to incandescence. It is resolved in both 
imstances, into nitrogen, oxygen, and nitrous acid. 

Sir H. Davy discovered * that the protoxide of nitrogen 
may be taken into the lungs with safety, and that it supports 
respiration for a few minutes. He breathed) nine quarts of 
it, contained in a silk bag, for three minutes, and 12 quarts 
for rather more than four; but no quantity could enable 
him to bear the privation of atmospheric air for a longer pe- 


riod. Its action on the system, when inspired, is very re- 


markable. A few deep inspirations-of it are followed by most 
agreeable feelings of excitement, similar to the early stages 
of intoxication. ‘This is shown by a strong propensity to 
laughter, by a rapid flow of vivid ideas, and an unusual dis- 


* Researches on the Nitrous Oxide. 


NITROGEN, | 185 


position to muscular exertion. ‘These feelings however soon 
subside, and the person returns to his usual state without ex- 
periencing the languor or depression which so baniretealiy fol- 
lows intoxication from spirituous liquors. 

The protoxide of nitrogen was analyzed by Sir H. Davy 
by means of hydrogen gas. He mixed 39 measures of the 
former with 40 measures of hydrogen, and fired the mixture 
by the electric spark... Water was formed, and the residual 
gas, which amounted to 41 measures, had the properties of 
pure nitrogen. As 40 measures of hydrogen require 20 of 
oxygen for combustion, it follows that 39 volumes of the prot- 
oxide of nitrogen contain 41 of nitrogen and 20 of oxygen. 
But since no exception has hitherto been found to Gay-Lussac’s 
law of gaseous combination, it may be inferred that the prot- 
oxide of nitrogen contains its own bulk of nitrogen and half 
its volume of oxygen. The recent analysis by Dr. Henry, 
(Annals of Phil. vol. vii. N. S.) performed by means of the 
carbonic oxide gas, has proved beyond doubt that this is 
the exact proportion. Now, 


100 cubic inches of nitrogen weigh 29.652 grains, 
50 do. do. 16.944 


These numbers, added together, amount to 46.596, 


which must be the weight of 100. cubic inches of the prot- 
oxide; and its specific gravity is therefore 1.5277. Its com- - 
position by weight is determined by the same data, being 
16.944 of oxygen to 29.652 of nitrogen, or as 8 to 14, Its 
atomic weight is, of course, 8414 or 22. 


DEUTOXIDE OF NITROGEN. 


Tue deutoxide of nitrogen is best obtained by the action 
of nitric acid, of specific gravity 1.2, on metallic copper. A 
brisk effervescence takes place, without the aid of heat, and 
the gas may be collected over water or mercury. The copper 
gradually disappears during the process ; the liquid acquires 
a beautiful blue colour, and yields a salt on evaporation, 
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, which is composed of nitric acid, and the peroxide of copper. 
_ The chemical changes that occur are the following —One 
portion of nitric acid suffers decomposition. A. part of its 
oxygen unites with the copper, and converts it into the per- 
oxide of copper; while another part is retained by the nitrogen 
of the nitric acid, forming the deutoxide of nitrogen. The 
peroxide of copper attaches itself to some undecomposed 
nitric acid, and forms the blue nitrate of copper. Many 
other metals are oxidized by nitric acid, with the disengage- 
ment of a similar compound; but none, mercury excepted, 
yields so pure a gas as copper. 

The gas derived from this source was discovered by Dr. 
Hales. It was first carefully studied by Priestley, who called 
it nitrous air. 'The terms nitrous gas, and nitric oxide, are 
frequently applied to it; but the deutowide of nitrogen, as 
indicative of its nature, is the most suitable appellation. 

The deutoxide of nitrogen is a colourless gas. When 
mixed with atmospheric air, or any gaseous mixture that con- 
tains oxygen in an uncombined state, dense, suffocating, acid 
vapours, of a red or orange-red colour are produced, called 
nitrous acid vapours ; which are copiously absorbed by water, 
and communicate acidity to it. The deutoxide may be dis- 
tinguished by this character, from every other substance, and 
for the same reason affords a convenient test of the presence 
of free oxygen. ‘Though it gives rise to an acid by combin. 
ing with oxygen, the deutoxide of nitrogen itself does not 
redden the blue colour of vegetables; but for this experi- 
ment, the gas must be well washed with water to separate all 
traces of nitrous acid. Water absorbs the deutoxide sparing- 
ly ;—100 measures of that liquid, cold, and recently boiled, 
take up about 11 of the gas. 

Very few inflammable substances can burn in the deutoxide 
of nitrogen. Burning sulphur, and a lighted candle are instant- ° 
ly extinguished by it. Charcoal and phosphorus, however, if in 
a state of vivid combustion at the moment of being immersed 
in it, burn with increased brilliancy. The product of the 
combustion is carbonic acid in the first case, and phosphoric 
acid in the second, nitrogen being separated in both instances. 
With an equal bulk of hydrogen, it forms a mixture which 
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cannot be made to explode, but which is kindled by contact 
with a lighted candle, and burns rapidly with a white flame. 
Water and pure nitrogen are the products. 

The deutoxide of nitrogen is quite irrespirable, exciting a 
strong spasm of the glottis, as soon as an attempt is made to 
inhale it. ‘The experiment, however, is a dangerous one ; 
for if the gas did reach the lungs, it’ would there mix with 
atmospheric air, and be converted into nitrous acid vapours, 
which are highly irritating and corrosive. 

The deutoxide of nitrogen is resolved into its elements by 
being passed through red-hot tubes. A succession of electric 
sparks have a similar effect. It is converted into the protoxide 
of nitrogen by substances which have a strong affinity for 
oxygen, such as iron filings, and the dikiline sulphurets. 
Its composition was ascertained by Sir H. Davy, by the 
combustion of charcoal. T'wo volumes of the deutoxide 
- yielded one volume of nitrogen, and about one of carbonic 
acid ;* whence it was inferred to consist of equal measures of 
oxygen and nitrogen united without any condensation. Gay- 
Lussac proved in his paper in the Memoires d’ Arcueit, that this 
proportion is rigidly exact. He decomposed 100 measuresof the 
gas, by heating potassium in it ; 50 measures of pure nitrogen 
were left, and the loss of weight corresponded to 50 measures 
of oxy gen. The same fact shal been lately proved by Dr. 
Henry in the paper already referred'to.. From these data, 
its composition by weight, and its specific ines may be 
determined by a simple calculation :— 


50 cubic inches of oxygen weigh 16.944 grains. 
50 é : nitrogen ——- 14,826 


31.770 


Hence 100 cubic inches of the deutoxide of nitrogen, at 
the mean temperature and pressure, weigh 31.77 grains; and 
its specific gravity is therefore 1.0416. This is nearly the 
mean density of the deutoxide, as determined directly by 

Davy, ‘Thomson, and Bérard, which confirms the accuracy 


* Elements of Chemical Philosophy, p. 200. 


188 NITROGEN: 


of the data on which the calculation is founded. ‘The ele- 
ments of the deutoxide are obviously in the ratio, by weight, 
of 14 nitrogen to 16 oxygen; that is, one atom of the first to 
two atoms of the second. An atom of the compound is 
therefore 144-16=30. 

From the invariable formation of the red coloured acid 
vapours, whenever the deutoxide of nitrogen and oxygen are 
mixed together, these gases detect the presence of each other 
with great certainty ; and since the product is wholly absorb- 
ed by water, one may be entirely removed from any gaseous 
mixture, by adding a sufficient quantity of the other, 
Priestley, who first observed this fact, supposed that com- 
bination takes place between them only in one proportion ; 
and inferring on this supposition, that a given absorption 
would always indicate the same quantity of oxygen, he. was 
led to empioy the deutoxide of nitrogen in Eudiometry. But 
in this opinion he was mistaken. ‘The discordant results that 
were obtained by his method, soon excited suspicion of its 
fallacy ; and the source of it has since been discovered by the 
researches of Dalton and Gay-Lussac. It appears from the ex- 
periments of Gay-Lussac, and his results do not differ material- 
ly from those of Mr. Dalton, that for 100 measures of oxygen, — 
400.of the deutoxide may be absorbed as a maximum, and 133 
asaminimum; and that between these extremes, the quantity 
of the deutoxide corresponding to 100 of oxygen, is exceeding- 
ly variable, It does not follow from this, that oxygen and the 
deutoxide of nitrogen can unite in every proportion within 
these limits. ‘he true explanation is, that the mixture of 
these gases may give rise to three compounds, the hyponi- 
trous, the nitrous, and the nitrie acids ; and that either may 
be formed almost, if not entirely, to the exclusion of the 
others, if certain precautions are adopted. But in the usual 
mode of operating, two if not all are generated at the same 
time, and in a proportion to one another which is by no means 
uniform, ‘The circumstances that influence the degree of 
absorption, when a mixture of oxygen and the deutoxide of 
nitrogen is made over water, are the following :—1, The dia- 
meter of the tube; 2, The rapidity with which the mixture is 
made; 3, The relative proportion of the two gases; 4, The time 
allowed to elapse after mixing them; 5, Agitation of the tube; 
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and lastly, The opposite conditions of adding the oxygen to 
the deutoxide, or the deutoxide to the oxygen. 

. Notwithstanding these many sources of, error, Dalton 
and Gay-Lussac, maintain that the deutoxide of nitrogen 
may nevertheless be employed in eudiometry; and have 
described the precautions which are required to. ensure 
accuracy.. Mr. Dalton has given his process in. the 10th 
volume of the Annals of Philosophy; and further directions 
have been published by Dr. Henry in his Elements. The 
method of Gay-Lussac, to which my own observation would 
lead me to give the preference, may be found in the 2d 
volume, page 247, Memoires d Arcueil. Instead of employing 
a narrow tube, such as is commonly used for measuring 
gases, Gay-Lussac advises that 100 measures of air should 
be introduced. into a very wide tube or jar, and that an equal - 
volume of the deutoxide of nitrogen should then be add. 
ed. The red vapours, which are instantly produced, disap- 
pear very quickly, and the absorption after half a minute, or 
a minute at the most, may be regarded as complete. The 
residue is then passed into a graduated tube and measured. 
_ The diminution almost always, according to Gay-Lussac, a- 
mounts to 84 measures, one-fourth of which isoxygen. Gay- 
Lussac has applied this process to the analysis of various 
mixed gases, in which the oxygen was sometimes in a greater, 
at others in a less proportion than in the atmosphere, and the 
indications were always correct. When the proportion of 
oxygen is great, a proportionably large quantity of the deu- 
toxide must of course be employed, i order that an excess 
of it might be present. 

There is another mode of shibliSsicia oxygen by means of 
the deutoxide of nitrogen. Ifa current of. the deutoxide be 
conducted into a solution of the protosulphate of iron, the 
gasis absorbed in large quantity, and the solution acquires 

a deep clive-brown colour, which appears almost black when 
fully saturated. This solution absorbs oxygen with facility. 
But it cannot be safely employed in eudiometry; because the 
absorption of oxygen is.accompanied, or at least’very soon 
followed, by an-evolution of pas from the liquid itself. 

Sir H. Davy ascertained that the deutoxide of nitrogen is 
dissolved directly by the solution of iron, in the cold, without 
decomposition; and that when the solution is heated, the greater 
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part of the gas is disengaged, and the remainder decom- 
posed. ‘The decomposition is determined chiefly by the affi- 
nity of the protoxide of iron for oxygen gas. ‘The protoxide 
of iron decomposes.a portion of water and of the deutoxide 
of nitrogen at the same time, and unites with the oxygen of 
both ; while the hydrogen of the water, and the nitrogen of 
the deutoxide combine together, and generate ammonia. 
Nitric acid is formed when the solution is exposed to the air 
or oxygen gas, but not otherwise. 


HYPONITROUS ACEID. 


On adding an excess of the deutoxide of nitrogen to oxy- 
gen gas, confined in a glass tube over mercury, Gay-Lussac 
observed that the absorption is always uniform, provided 
a strong solution of pure potash is put into the tube before 
mixing the two gases. He found that 100 measures of oxy- 
gen gas combined under these circumstances with 400 of the 
deutoxide, forming an acid which unites with the potash. 
The compound so formed is the hyponitrous acid, the com- 
position of which can be easily inferred from the proportions 
just mentioned. For as the deutoxide of nitrogen contains 
half its volume of oxygen gas, the new acid must be com- 
posed of 200 measures of nitrogen to 300 of oxygen, or of 
100 to 150. It contains, therefore, three times more oxygen 
than the protoxide of nitrogen; so that, by weight, it. is form- 
ed of 

Nitrogen 14 : 1 atom. 
Oxygen 24 : 3 atoms. 
and the relative weight of its atom is 38, - 

Another method of forming the hyponitrous acid is by 
keeping the deutoxide of nitrogen for three months in a glass 
tube over mercury, in contact with a’concentrated solution of 
pure potash. The deutoxide is resolved into hyponitrous 
acid, which ;unites with the potash, and into the protoxide of 
nitrogen which remains in the tube. 

The hyponitrous acid has not hitherto been obtained in a 
free state. When an acid is added to the hyponitrate of pot- 
ash, the hyponitrous acid, instead of being dissolved by the 
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water of the solution, suffers decomposition, and is converted, | 
according to Gay-Lussac, into nitrous acid, and the deutoxide 
of nitrogen. 


NITROUS ACID. 


To form pure nitrous acid by the mixture of oxygen gas 
with the deutoxide of nitrogen, the operation must not be con- 
ducted over water or mercury. The presence of the former 
determines the production of nitric acid; the latter is oxi- 
dized by the nitrous acid, and therefore decomposes it. Sir 
EH. Davy made this compound by mixing two measures of the 
deutoxide of nitrogen and one of oxygen, free from moisture, 
in adry glass vessel, previously exhausted by the air-pump.. 
(Elements, p. 261.) Nitrous acid vapours were produced, 
and a contraction ensued, amounting to about one-half the 
volume of the mixed gases. ‘The experiments of Gay-Lussac 
(An. de Ch. et de Ph. vol. i.) were similar in principle, He 
agrees with Sir H. Davy as to the proportion of the two gases, 
but is of opinion that they condense, in uniting, to 1-3d of 
their original volume. The conclusions of those chemists re- 
Specting the composition of nitrous acid have been confirmed 
by the researches of Dulong. (An. de Ch, et de Ph. vol. ii.) 
It is composed therefore of . 


-By. Volume.. By Weight. 


Nitrogen 100. : 14 :; 1 atom. 
Oxygen 200 : 32: 4 atoms, 


and its combining proportion is 32-++14=46. 


The nitrous acid. vapour is characterized by its orange red 
colour. It is quite irrespirable, exciting great irritation and 
spasm of the glottis, even when moderately diluted with air. 
A taper burns in it with considerable brilliancy. It extin- 
guishes burning sulphur ; but the combustion of phosphorus 
continues in it with great vividness. 

Nitrous acid may exist in the liquid as well as in the gase- 
ous form. . The liquid acid is most conveniently prepared by 
exposing the crystallized nitrate of lead, carefully dried, to a 
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heat sufficient to decompose it. The nitric acid of the salt is 
by this means resolved into nitrous acid and oxygen; and if 
the products are received in vessels kept moderately cool, the 
greater part of the former condenses into a liquid. This sub- 
stance was first obtained by Gay-Lussac, who regarded it as 
hyponitrous acid, and described it as such in the paper above 
referred to; but M. Dulong has proved, by a careful analy- 
sis, that it is in reality anhydrous nitrous acid. Dulong pro- 
cured it by mixing the deutoxide of nitrogen and oxygen 
gases in the ratio of 2 to 1, and exposing the nitrous acid 
vapours to a low temperature. 

The liquid anhydrous acid has the following arise 
It is powerfully corrosive, has a strong acid taste and pun-’ 
gent odour, and is of a yellowish orange colour. Its density 
is 1.451. It preserves the liquid form at the ordinary tem- 
perature and pressure, and boils at 82° F. Exposed to the 
atmosphere, it evaporates with great rapidity, forming the 
common nitrous acid vapours, which, when once mixed with 
air or other gases, require an intense cold to condense them. 

The action of water on the anhydrous nitrous acid is very 
remarkable. On mixing it with a large quantity of water, it 
is instantly resolved into nitric acid and the deutoxide of ni- 
trogen; the former unites with the water, making a colour- 
less solution, while the greater part of the latter escapes in 
the form of gas. When nitrous acid is added to a very small 
quantity of water, none of the deutoxide is disengaged; and 
a green-coloured liquid is produced. If, instead of employ- 
ing a very large or a very small proportion of water, the an- 
hydrous acid be dropped into a moderate quantity of that 
fluid, the disengagement of the deutoxide of nitrogen, at first 
considerable, becomes less and less at each addition of the 
acid, till at last the evolution of gas ceases altogether. The 
colour of the solution varies considerably during the experi- 
ment. From being quite colourless, the liquid acquires a 
greenish blue tinge, thence passes into green of various depths 
of shade, and at length becomes of a yellowish orange,—the 
colour of the nitrous acid itself. 

These changes are of a complicated nature, and may be 
accounted for in different ways. ‘The following explanation 
appears to me most consistent with the phenomena. It is 
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founded on the supposition, or rather, as I conceive, upon 
the fact, that the nitrous and hyponitrous acids cannot exist 
alone in water, but are always decomposed by that fluid in 
consequence of its affinity for nitric acid. When a drop of 
nitrous acid is added toa very small quantity of water, it 1s re- 
solved into nitric and hyponitrous acids, the latter being pro- 
tected from decomposition by the former having combined 
with the water. The hyponitrous acid is therefore mixed 
with the solution of nitric acid, or is perhaps chemically 
united with it. On adding a second portion of nitrous acid, 
that acid is protected from decomposition by the same cir- 
cumstance which preserves the hyponitrous; and, conse- 
quently, it remains in a state of mixture or combination with 
the two other acids. If the anhydrous nitrous acid be mixed 
with a large quantity of water, it is converted into nitric acid 
and the deutoxide of nitrogen; and every successive addi- 
tion experiences a similar change, till the water has become 
sufficiently charged with nitric acid to enable the hyponitrous 
to exist init. The subsequent additions of nitrous acid will 
then be converted into nitric and hyponitrous acids, till the 
affinity of the water for nitric acid is so far satisfied that it 
can no longer decompose the nitrous acid. é 

- The changes which are produced in the anhydrous nitrous 
acid by ddding successive portions of water, may be antici- 
pated from what precedes. It is resolved into nitric and hy- 
ponitrous acids, and into nitric acid and the deutoxide of ni- 
trogen; and when the dilution is considerable, the greater 
part, if not the whole, of the hyponitrous acid will likewise be 
decomposed, The colour of the fluid at.different periods of the 
process is attributed to the quantity of the nitrous acid which 
is dissolved, and the degree of its dilution. It is difficult how- 
ever to perceive how an orange-coloured liquid should give 
different shades of green and blue merely by beg diluted. 
May not the blue be caused by the hyponitrous acid, the dif- 
ferent shades of green by mixtures of the hyponitrous and 
nitrous acids, and the yellow and orange by the preponder- 
ance of the latter ? Some ebservations of M. Dulong seem to 
justify this idea, and it is supported by the action of the deut- 
oxide of nitrogen on nitric acid: : 


Nitrous acid i is a powerful oxidizing agent, readily giving 
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oxygen to the more oxidable metals, and to most substances 
which have a strong affinity for it. The nitrous acid is of 
course decomposed at the same time; pure nitrogen, and the 
protoxide of nitrogen, are sometimes evolved, but most com- 
monly it is converted into the deutoxide. When passed 
through red-hot porcelain tubes, its decomposition is always 
complete, and a mixture of oxygen and nitrogen gases is ob- 
tained. ' 


NITRIC ACID. 


If a succession of electric sparks be passed through a mix= 
ture of oxygen and nitrogen gases confined in a glass tube 
over mercury, a little water being present, the volume of the 
gases will gradually diminish, and the water after a time will 
be found to have acquired acid properties. On neutralizing 
the solution with potash, or what is better, by putting a so- 
lution of pure potash instead of water into the tube at the be- 
ginning of the experiment, a salt is obtained which possesses 
all the properties of the nitrate of potash. This experiment 
was performed by Mr. Cavendish in 1785, who inferred from 
it that nitric acid is composed of oxygen and nitrogen, The 
best proportion of the gases was found to be seven iE oxygen 
to three of nitrogen; but as some nitrous acid is always 
formed during the process, the exact composition of nitric 
acid cannot be determined in this way. | 

The nitric acid may be formed much more conveniently 
by adding the deutoxide of nitrogen slowly over water to an 
excess of oxygen gas. Gay-Lussac proved that the nitric 
acid might in this manner be obtained quite free from the ni- 
trous or hyponitrous acids; and that it is composed of 100 
measures of nitrogen, and 250 of oxygen. This result agrees 
with the proportion which Sir H. Davy has deduced from 
his observations ; and it is confirmed by an analysis of the 
nitrate of baryta recently made by Dr. Henry. The nitric 

acid is therefore’ composed of 
By Volume. By Weight. 
Nitrogen . 100 ¢ 14 1 atom. 
Oxygen 250)... jsioe oAOn 0b ao geBiatoms!”’ 
‘and its combining proportion is 54. 
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| Nitric acid cannot exist in an insulated state. The deut- 
oxide of nitrogen and oxygen gases never form nitric acid if 
mixed together when quite dry; and nitrous acid vapour 
-may be kept in contact with oxygen without change, -pro- 
vided no water is present. The most simple form under 
which chemists have hitherto procured nitric acid is in solu- 
tion with water; this, in its concentrated state, is the nitric 
acid of the pharmacopeeia. 

The nitric acid of commerce is procured by decomposing 
some salt of nitric acid by means of concentrated sulphuric 
acid; and common nitre, as the cheapest of the nitrates, is 
always employed for the purpose. This salt, previously well 
dried, is put into a glass retort, and a quantity of the strong- 
est sulphuric acid is poured upon it. On applying heat, 
ebullition ensues, owing to the escape of nitrous acid va- 
pours, which must be collected ina receiver kept cold by 
moist cloths. The heat should be steadily increased during 
the operation, and continued as long as any acid vapours 
come over. | j 

Chemists differ as to the best proportions for forming ni- 
tric acid. The London College recommends equal weights 
of nitre and sulphuric acid; the Edinburgh and Dublin 
‘colleges employ three parts of nitre to two of the acid.. The 
proportion of the London College is so calculated: that 
the potassa of the nitre shall be entirely converted into a bi- 
sulphate; for one proportion of nitre (54 nitric acid4.48 
potassa) is 102, and 98 corresponds to two atoms. of concen- 
trated sulphuric acid. The residue of the Edinburgh pro- 
cess is a mixture of the sulphate and bisulphate of potassa. 

There are two substantial reasons’ for using more than 
one proportion of sulphuric acid to one of nitre. .The 
first is, that nitre cannot be wholly decomposed by a quan- 
tity of sulphuric acid, which is merely sufficient for form- 
ing a neutral sulphate. Owing to the tendency of potassa 
to unite with two proportions of that acid, the product 
would contain a portion of bisulphate and of undecomposed 
nitre. The second reason is, that when the neutral sulphate 
‘constitutes the greater part of the residue, it-forms such a 
compact and sparingly soluble mass, that it can scarcely ever 
be removed from the retort without breaking it. .But though 
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it is advisable to use more than one atom of sulphuric acid, 
it is important to employ no more than is really requir- 
ed for decomposing the nitre with advantage. An unneces- 
sary excess is not only uneconemieal, but positively hurt- 
ful; for some of it is then apt to pass off in vapour durivg 
the distillation, and thus render the nitric acid impure: The 
proportions of the Edinburgh College are -calculated ‘to ful- 
fil all these conditions ; the excess of sulphuric acid is sufii- 
cient to decompose almost all, if not the whole of the nitre, 
and a pure nitrie acid is obtained. 

The decomposition of nitre by sulphuric acid does not 
yield the same product in all its stages. Red fumes appear 
both at the commencement and towards the close of the pro- 
cess, especially at the latter, owing to the decomposition ofa 
part of the nitric acid, which is converted into oxygen and 
nitrous acid. For this reason the nitric acid always contains 
more or less nitrous acid, and therefore its colour varies from 
a pale straw yellow to a deep orange. If a very pale acid is 
required, two receivers should be used ; one for condensing 
the colourless vapours of nitric acid, and another for the co- 
Joured products. The coloured acid is called nitrous acid by 
the college ; but it is in reality a mixture or compound of 
nitric and nitrous acids, similar to what may be obtained by 
mixing the anhydrous nitrous with the colourless ‘nitric acid. 
It is easy to convert the common mixed acid of the college 
into the colourless nitric acid, by exposing the former to a 
gentle heat for some time, when ail the nitrous acid will be 
expelled. But this process is rarely necessary, as the co- 
loured acid may be substituted in almost every case for that 
which is colourless. Where an acid of great strength 1s re- 
quired, the former is even preferable.. 

Nitric acid frequently contains the sulphuric and. muriatic 
acids. The former is derived from the acid which is used in 
the process; the latter from muriate of soda, which is some- 
times mixed with nitre. These impurities may be detected by 
adding a few drops of a solution of muriate of baryta and 
nitrate of silver to separate portions of nitric acid diluted 
with three or four parts of distilled water. Ifthe muriate of 
baryta cause a cloudiness or precipitate, sulphuric acid must 
be present; if a similar effect be produced by nitrate of sil- 
ver, the presence of muriatic acid may be inferred. Nitric 
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acid is purified from sulphuric aeid by redistilling it from a 
small quantity of the nitrate of potassa, with the alkali of which 
the sulphuric acid unites, and remains in the’retort. ‘To se- 
parate the muriatic acid, it is necessary to drop a solution of 
nitrate of silver into the nitric acid as long as a precipitate 
forms, ‘and draw off the pure acid by distillation. 

Nitric acid possesses acid properties in an eminent degree. 
A. few drops of it diluted with a considerable quantity of wa- 
ter form an acid solution, which reddens litmus paper perma- 
nently. It unites with and neutralizes alkaline substances, 
forming salts with them which are called nitrates. In its 
purest and most concentrated state it is colourless; and has a 
specific gravity of 1.50 or 1.510. ‘It still contains a considers 
able quantity of water, from which it cannot be separated 
without decomposition, or by uniting with some other body. 
An acid of density 1.50 contains 25 per cent. of water ac- 
cording to the experiments of Mr. Philips; and 20.3 per cent. 
according to those of Dr. Ure.* Nitric acid of this strength 
emits dense, white, suffocating vapours when exposed to the 
atmosphere. It attracts watery vapour from the air, where- 
by its specific gravity is diminished. A rise of temperature 
is occasioned by mixing it with a certain quantity of water. 
Dr. Ure found that when 58 measures of nitric acid, of  spe- 
cifie gravity 1.5, are suddenly mixed with 42 of water, the 
temperature rises from 60 to 140° F.; and the mixture on 
cooling to 60°, occupies the space of 92.65 measures instead 
of 100. From its streng affinity for water, it occasions snow 
to liquefy with great rapidity ; and an intense degree of cold 
is generated if the mixture be made in due proportion.+ 

Nitric acid boils at 248° F., and may be distilled without 
suffering material change. An acid of less specific gravity 
than 1.42 becomes stronger by being heated, because the wa- 
ter evaporates more rapidly than the acid. An acid, on the 
contrary, which is stronger than 1.42 is weakened by fhe jo 
plication of heat. 

Nitric acid — be frozen bi cold. The toiniperabititt at 


* See his Table in the bine Sacra showing the pone of I acid of 
different densities. 
_ cf See Table of frigorific mixtures, p. 45. 
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whicli congelation takes place varies with the strength of the 
acid. ‘The strongest acid freezes at about 50 degrees below 
zero. When diluted with half its weight of water, it be- 
comes solid at—13°F. By the addition of a little more water 
its freezing point is lowered to —45° F. 

Nitric acid acts powerfully on substances which are dis- 
posed to unite with oxygen; and hence it is much employed 
by chemists for bringing bodies to their maximum of oxida- 
tion. Nearly all the metals are oxidized by it ;, and some of 
them, such as tin, copper, and mercury, are attacked with 
great violence. If flung on burning charcdal, it increases the 
brilliancy of its combustion in a high degree. Sulphur and 
phosphorus are converted into acids by its action. All vege- 
table substances are decomposed by it. In general the oxy- 
gen of the nitric acid enters into direct combination with the 
hydrogen and carbon of those compounds, forming water with 
the first, and carbonic acid with the second... This happens 
remarkably in those compounds in which hydrogen and car- 
bon are predominant, as in alcohol and the oils. It effects 
_ the decomposition of animal matters also. The cuticle and nails 

receive a permanent yellow stain when touched with it; and 
if applied to the skin in sufficient quantity it acts as a power- 
ful cautery, destroying the organization of the part entirely. 

When oxidation is effected through the medium of nitric 
acid, the acid itself is commonly converted into the deutox- 
ide of nitrogen. This gas is sometimes given off nearly quite 
pure; but in general some nitrous acid, protoxide of nitro- 
gen, or pure nitrogen is disengaged at the same time. The 
direct solar light deoxidizes nitric acid, resolving a portion 
of it into oxygen and nitrous acid. The former separates ; the 
latter is absorbed by the nitric acid, and converts it into the 
mixed nitrous acid of the shops. When the vapour of nitric 
acid is passed through red-hot porcelain tubes, it suffers com- 
plete decomposition, and a mixture of oxygen and nitrogen 
gases is the product. 

Nitric acid may also be deoxidized by passing a current of 
the deutoxide of nitrogen through it. That gas, by taking 
oxygen from the nitric acid, is converted into nitrous acid ; 
and a portion of nitric acid, by losing oxygen, passes into the 
same compound. ‘The nitrous acid, thus derived from two 
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sources, gives a\colour to the nitric acid, the depth and kind 
of which depend upon the quantity of the-deutoxide of ni- 
trogen which has been employed. The first portion com- 
municates a pale straw colour, which gradually deepens as 
the absorption of the deutoxide continues, till the nitric 
acid has acquired a deep orange hue, together with all. cha- 
racters df the strong fuming nitrous acid. But the solu- 
tion still continues to absorb the deutoxide; and in doing 
so, its colour passes through different shades of olive and 
green, till it becomes greenish blue. By applying heat to 
the blue liquid, the deutoxide of nitrogen is evolved; and in 
proportion as it escapes, the colour of the solution changes to 
green, olive, orange, and yellow, at length becoming pale as 
at first. Nitrous acid vapours are likewise disengaged as well 
as the deutoxide. These phenomena are very favourable to 
the view that the conversion of the orange colour into olive, 
green, and blue, is owing to the formation of hyponitrous 
acid. 

All the salts of nitric acid are soluble in water, and there- 
fore it.is impossible to precipitate that acid by any reagent. 
The presence of nitric acid, when uncombined, is readily de- 
tected by its strong action on copper and mercury, and by its 
forming with potassa a neutral salt, which crystallizes in prisms, 
and which has all the properties of nitre. Gold leaf is a still 
more delicate test of it. A liquid which contains no chloric 
acid, and which is unable to dissolve gold leaf, but acquires 
the property of doing so when pure muriatic acid is added 
to it, must contain nitric acid. ‘This test is applicable, whe- 
ther the nitric acid is free, or in combination with alkaline 
substances. ) 


SECTION VI. | 
CARBON, 


WuEN wood is heated to a certain degree in the open air, 
it takes fire, and burns with the formation of water and carbo- 
nic acid gas till the whole of it is consumed. A small por- 
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tion of ashes, consisting of the alkaline and earthy matters which 
had formed a part of the wood, is the sole residue. But if 
the wood be heated to redness in close vessels, so that the at- 
mospheric air cannot have free access to it, a large quantity of 
gaseous and other volatile matters is expelled, and a black, 
hard, porous substance is left, called charcoal. 
.. Charcoal may be procured from other sources. When the 
- volatile matters are driven off from coal, as in the process 
for making coal gas, a peculiar kind of charcoal, called coke, 
remains in the retort. Most animal.and vegetable substances 
yield it when ignited in close vessels. Thus, a very pure 
charcoal may be procured from starch or sugar; and from | 
the oil of turpentine or spirit of wine, by passing their va- 
pour through tubes heated to redness. When bones are 
made red-hot in a covered crucible, a black mass remains, 
which consists of charcoal mixed with the earthy matters of 
the bone. It is called ivory black or animal charcoal. 
Charcoal is hard and brittle, conducts heat very slowly, 
but is a good conductor of electricity, Its density is stated 
much too low in chemical works :—according to Mr. Les- 
lie, its specific gravity is rather greater than that of the dia- 
mond. It is quite insoluble in water, is attacked with diffi- 
culty by nitric acid, and is little affected by any of the other 
acids, or by the alkalies. It undergoes little change from 
exposure to air and moisture, being less injured under. these 
circumstances than wood. It is exceedingly refractory in the 
fire, if excluded from the air, supporting the most. intense 
heat which chemists are able to produce without) change. 
Charcoal possesses the property of absorbing a large quan- 
tity of air or other gases: at common temperatures, and of 
yielding the greater part of them again when it is heated. 
It appears from the researches of Saussure, that different 
gaseg.are absorbed by it in different proportions. His ex- 
periments were performed by plunging a piece of red-hot 
charcoal under mercury, and introducing it when cool into 
the gas to be absorbéd. He found that charcoal prepared 
from box-wood, absorbs, during the space of 24 or 36 hours, 
of 
: Ammoniacal gas, ' 90 times its volume. 
Muriatic acid . lal SS 
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“Sulphurous acid... .. | 65 times its volume. 
Sulphuretted hydrogen ; 55 
. « Nitrous oxide ’ ~ 40 
.« Carbonic acid P elotol BS 
Olefiant gas. Boge YA Big 
Carbonie oxide ‘ ‘ 9.42. - 
Oxygen . ; ° 9,25 
Nitrogen ‘ 4 i 7.5 
Hydrogen. ye : 1.75 


The absorbing power of charcoal with respect to gases, 
cannot be attributed to chemical action; for the quantity of 
each gas, which is absorbed, bears no relation whatever to its 
affinity for charcoal. . The effect is in reality owing to the 
peculiar porous texture of that substance, which enables it, 
in common with most spongy bodies, to absorb. more or less 
of ail gases, vapours, and liquids, with which itis in contact. 
This property is most remarkable in charcoal. prepared from 
wood, especially in the compact varieties of it, the pores of 
which are numerous and small. It is materially diminished 
by reducing the charcoal to powder ; and in plumbago, which 
has not the requisite degree of porosity, it is wanting alto- 
gether. © 

The porous texture of charcoal aecounts for the general 
fact of. absorption only ; its power of absorbing more of one 
gas than of another, must be explained on a different princi- 
ple: This effect, though modified to all appearance by the 
influence of chemical attraction, seems to depend chiefly on 
the natural elasticity of the gases. Those which possess such 
a great degree of elasticity as to have hitherto resisted all 
attempts to condense them into liquids, are absorbed in the 
smallest proportion ;. while those that admit. of being convert- 
ed. into liquids by compression, are absorbed more freely. For 
this reason, charcoal absorbs vapours more easily than gases, 
and liquids than either, 

Messrs. Allen and Pepys determined experimentally the in- 
crease in weight experienced by different kinds of charcoal, re- 
cently ignited, after a week’s exposure to the atmosphere. The 
charcoal from fir gained 13 per cent.; that from ignum vitae, 
9.6; that from box, 14; from beech, 16.3; from oak, 16.5; and 
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from mahogany, 18. The absorption is most rapid during 
the first 24 hours. The substance absorbed is both water and 
atmospheric air, which the charcoal retains with such force, 
that it cannot be completely separated from them without 
exposure to a red heat. Vogel* has observed that charcoal 
absorbs oxygen in a much greater proportion from the air 
than nitrogen. Thus, when recently ignited charcoal, cooled 
under mercury, was put into.a jar of atmospheric air, the re- 
sidue contained only 8 per cent. of oxygen gas; and if red- 
hot charcoal be plunged into water, and then introduced into 
a vessel of air, the oxygen disappears almost entirely. It is 
said that pure nitrogen may be obtained in this way. 

Charcoal likewise absorbs the cdoriferous and colouring 
principles of most animal and vegetable substances. When. 
coloured infusions of this kind are digested with a due quan- 
tity of charcoal, a solution is obtained, which is nearly, if not 
quite colourless. ‘Tainted flesh may be rendered sweet and 
eatable by this means, and foul water may be purified by fil- 
tering through charcoal. The substance commonly employed 
- to decolorize fluids is animal charcoal reduced to a fine pow- 
der. It loses the property of absorbing colouring matters by 
use, but recovers it by being heated to redness. 

Charcoal is highly combustible. When strongly heated 
in the open air, it takes fire, and burns slowly. - In oxygen 
gas, its combustion is lively, and accompanied with the emis- 
sion of sparks. In both cases it is consumed without flame, 
smoke, or residue, if quite pure ; and carbonic acid gas is the 
product of its combustion, } 

The pure inflammable principle, which is the characteristic 
ingredient of all kinds of charcoal, is called carbon. In coke 
it is ina very impure form, Wood-charcoal contains about 
1-50th its weight of alkaline and earthy salts, which constitute 
the-ashes when this species of charcoal is burned. In plum- 
bago, the carbon is combined with a small portion of metallic 
iron, Charcoal derived from spirit of wine is almost quite 
pure; and the diamond is carbon in a state of. absolute 
purity. | | 
- The diamond is the hardest substance in nature, Its tex- 


* Schweigger’s Journal, vol. iv. 
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ture is crystalline ina high degree, and its cleavage very 
perfect. Its primary form is the octahedron. It has a spe- 
cific gravity of 3.520. Acids and alkalies do not act upon 
it; and it bears the most intense heat in close vessels with- 
out fusing or undergoing any perceptible change. Heated 
to 14° W., in the open air, it is entirely consumed. Newton 
first suspected it to be combustible from its great refracting 
power, a conjecture which was rendered probable by the ex- 
periments of the Florentine academicians in 1694, and which 
was subsequently confirmed by several philosophers, Lavoisier 
first proved it to contain carbon by throwing the sun’s rays, 
concentrated by a powerful lens, upon a diamond contained 
in a vessel of oxygen gas. The diamond was consumed en- 
tirely, oxygen disappeared, and carbonic acid was generated. 
It has since been demonstrated by the researches of Guyton- 
Morveau, Smithson Tennant, Allen and Pepys, and Sir H. 
Davy, that carbonic acid is the product of its combustion. 


Guyton-Morveau inferred from his experiments that the dia- 


mond is pure carbon, and that charcoal is an oxide of carbon. 
Tennant burned diamonds by heating them with nitre in a 
gold tube; and, comparing his own results with those of La- 
voisier on the combustion of charcoal, he concluded that 
equal weights of diamond and pure charcoal, in combining 
with oxygen, yield precisely equal quantities of carbonic 
acid. He was thus induced to adopt the opinion that char- 
coaland the diamond are chemically the same substance ; 


and that the difference in their physical characters is solely — 


dependant on a difference of aggregation.* This conclusion 
was confirmed by the experiments of Allen and Pepys,+ and 
Sir H. Davy,{ who compared the product of the combustion 
of the diamond with that derived from different kinds of 
charcoal. The latter chemist did indeed observe the produc- 
tion of a minute quantity of water during the combustion of 
the purest charcoal, indicative of a trace of hydrogen; but 
its quantity is so exceedingly small, that it cannot be regard- 


ed as a necessary constituent. It proves only that.a trace of . 


hydrogen is retained with such force by charcoal, that it can. 
not be expelled by the temperature of ignition. ' | 


* Philos. Trans. for 1797. + Ibid. 1807,“ — ¢ Ibid. 1814. 
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CARBONIC ACID. 


Carbonic acid was discovered by Dr. Black in 1757, and 
described by him in his inaugural dissertation de Magnesia 
Alba, under the name of fixed air. He observed the exist- 
ence of this gas in common limestone and magnesia, and 
found that it might be expelled from these substances by the 
action of heat or of acids. He also remarked that the same 
gas was formed during respiration, fermentation, and combus- 
tion. Its composition was first “demonstrated synthetically 
by Lavoisier, who burned carbon in oxygen gas, and obtain- 
ed carbonic acid as the product, The late’ Mr. Smithson 
Tennant illustrated its nature analytically by passing the va- 
pour of phosphorus over chalk, or the carbonate of lime, 
heated to redness in a glass tube. The phosphorus took oxy- 
gen from the carbonic acid, charcoal in the form ofa light 
black powder was deposited, and the phosphoric acid, which 
was formed, united with the lime. 

Carbonic acid is most conveniently prepared for the pur- 
poses of experiment by the action of muriatic acid, diluted 
with two or three times its weight of water, on fragments of 
marble. ‘The muriatic acid unites with the lime, forming a 
muriate of lime, and carbonic acid gas escapes with effer-+ 
vescence. 

Carbonic acid, as thus procured, is a colourless, inodorous, 
elastic fluid, which possesses all the physical characters of the 
gases in an eminent degree, and, requires a. pressure of 36 
atmospheres to condense it into a liquid. According to the 
recent experiments of Dr. Thomson, (First Principles, vol. i. 
p: 143,) 100 cubic inches of it, at 60° F, and when the baro- 
meter stands at 30. inches, weigh 46.597 grains ; and there- 
fore its specific gravity is 1.5277. , 

Carbonic acid extinguishes burning substances of all aie 
Bodies, when immersed in it, do not cease to burn from a 
want of oxygen only. It exerts a positive influence in check- 
ing combustion, as appears from the fact, that a candle can- 
not burn in a gaseous mixture composed of four measures of 
atmospheric air, and one of carbonic acid. 

It is not better qualified to support. the respiration of ani- 
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mals, its presence, even in moderate proportion, being 
soon fatal. An animal cannot live in air which contains 
sufficient carbonic acid for extinguishing a lighted candle ; 
and hence the practical rule of letting down a burning taper 
into old wells or pits before any one ventures to descend. 
When an attempt is made to inspire pure carbonic acid, a 
violent spasm of the glottis takes place, which prevents the 


gas from entering the lungs. . If it be so much diluted with , 


air as to admit of its passing the glottis, it then actsasanar- 
cotic poison on the system. It is this gas which has often | 


proved destructive to persons sleeping in a confined room 
with a pan of burning charcoal. 

Carbonic acid is quite incombustible, and cannot be made 
to unite with an additional portion of oxygen. It is a com- 
pound, therefore, in which carbon is in its highest degree: of 
oxidation. 

Lime water becomes turbid when brought into contact 
with carbonic acid, ‘The lime unites with the gas, forming 
carbonate of lime, which, from its msolubility in water, at 
first renders the solution milky, and afterwards forms a white 
flaky précipitate.. Hence lime water is not only a valuable 
test of the presence of carbonic acid, but is frequently used 
to withdraw it altogether from any gaseous mixture that con- 
tains it. 

_ Carbonic acid is absorbed by water.. This may be easily 
demonstrated, by agitating the gas with-that liquid, or by 
leaving a jar full of it inverted over water. © In the first case 
the gas disappears in the course of a minute; in the latter 


it is absorbed. gradually. Recently boiled water dissolves , 


its own volume of carbonic acid at the common temperature 
and pressure ; but it will take up much more if the pressure 
be increased. ‘The quantity of the gas absorbed is in exact 
ratio with the compressing force; that is, water dissolves 
twice its volume when the pressure is doubled, and three 
times its volume, when the pressure:is trebled. 

A. saturated solution of carbonic acid may be made by 
passing a stream of the gas through a vessel of cold: water 
during the space of half an hour, or still better by the use 
of a Woulfe’s bottle or Nooth’s apparatus, so as to aid the 


ete 
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absorption by pressure. Water and other liquids which’ 
have been charged with carbonic acid under great: pressure, 
lose the greater part of the gas when the pressure is remov- 
ed. The effervescence which takes place on opening a bottle 
of ginger beer, cyder, or brisk champaign, is owing to the 
escape of carbonic acid gas. Water, which is fully saturat- 
ed with carbonic acid gas sparkles when it is poured from 
one vessel into another. ‘The solution has an agreeably aci- 
dulous taste, and gives to litmus paper a red stain which is 
lost on exposure to the air. On the addition of lime-water 
to it, a cloudiness is produced, which at first disappears, be- 
cause the carbonate of lime is soluble in an excess of carbo- 
nic acid ; but a permanent precipitate ensues when the free 
acid is neutralized by an additional quantity of lime water. 
The water which contains carbonic acid in solution is wholly 
deprived of the gas by boiling. Removal of pressure from 
its surface by means of the air-pump has a similar effect. 

The agreeable pungency of beer, porter, and ale, is in 
great measure owing to the presence of carbonic acid, by the 
loss of which, on exposure to the air, they become stale. All 
kinds of spring and well water contain carbonic acid, which 
they absorb from the atmosphere, and to which they partly 
are indebted for their pleasant flavour. Boiled water has an 
insipid taste from the absence of carbonic acid. 

A knowledge of the exact composition of carbonic acid 
gas is of very great importance. The researches of Allen 
and Pepys, and Sir H. Davy, have proved incontestably that 
oxygen gas, in combining with carbon, so as to form carbonic 
acid, suffers no change of volume; or, in other words, that 
carbonic acid contains its own volume of oxygen. It hence 
follows that 100 cubic inches, or 46,597 grains of carbonic 
acid, consist of 100 cubic inches, or 33.888 grains of oxygen, 
united with 12.709 grains (46.597—33.888) of carbon. | 


Now, 12.709. : 33.888 ;::.6 : 16. 


and since, as will soon appear, 6 is the combining proportion 
of carbon, carbonic acid is composed of 


Carbon. 6 ; 1 proportion. 
Oxygen . 16 . | 2 proportions. 
6 


rg a 
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. By a rule which is given at page 139, it may be calculat- 
ed that carbon, if supposed to exist in the form of vapour, 
would have a specific gravity of 0.4166; from which it fol- 
lows, that 100 cubic inches of the vapour of carbon, at 60° 
F., and when the barometer stands at 30 inches, would weigh 
12.709 grains. Consequently, 100 cubic inches of carbonic 
acid gas are composed of 


Oxygen gas : 100 C.J. >» 
Vapour of Carbon 100 C. J. 


Carbonic acid is always present in the atmosphere, even at 
the summit of the highest mountains, or at a distance of seve- 
ral thousand feet above the ground. Its presence may be de- 
monstrated by exposing lime water in an open vessel to the air, 
when its surface will soon be covered with a pellicle, which is 
carbonate of lime. ‘The origin of the carbonic acid is obvious. 
Besides being formed abundantly by the combustion of all 
substances which contain carbon, the respiration of animals is a 
fruitful source of it, as may be proved by breathing for a few 
minutes into lime water; and it is also generated in all 
the spontaneous changes to which dead animal and vegetable 
matters are subject. The carbonic acid proceeding from 
such sources, is commonly diffused equably through the air ; 
but when any of these processes occur in low confined situa- 
tions, as at the bottom of old wells, the gas is then apt to ac- 
cumulate there, and form an atmosphere called choke damp, 
which is fatal to any animals that are placed in it. These 
accumulations happily never take place, except when there is 
some local origin for the carbonic acid ; for example, when it is 
generated by fermentative processes going on at the surface 
of the ground, or when it issues directly from the earth, as 
happens at the Grotto del Cane in Italy, and at Pyrmont in 
Westphalia. There is no real foundation for the opinion 
that carbonic acid can separate itself from the great mass of 
the atmosphere, and accumulate in a low situation merely by 
the force of gravity. Such a supposition is contrary to the 
well-known tendency of gases to diffuse themselves equally 
through one another. It is also contradicted by observation ; 
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for many deep pits, which are free from putrefying orgatiic 
remains, though otherwise favourably situated for such accu» 
mulations, contain good atmospheric air. 

Though carbonic acid is the product of many natural ope- 
rations, chemists have not hitherto noticed any increase in the 
quantity which is contained in the atmosphere. The only 
known process which tends to prevent an increase in its pro- 
portion, is that of vegetation. Growing plants purify the 
air by withdrawing carbonic acid, and yielding an equal vo- 
lume of pure oxygen in return ; but whether a full compen- 
sation is produced by this cause, has not yet been satisfactorily 
determined. | 

Carbonic acid is contained in the earth. Many mineral 
springs, such as that of Tunbridge, Pyrmont, and Carlsbad; 
are highly charged with it. In combination with lime it forms 
extensive masses of rock, which geologists have Sone to 
occur in all countries, and in every formation. 

Carbonic acid unites with alkaline substances, and the salts 
so constituted are called carbonates. Its acid properties are 
feeble, so that it is unable to neutralize completely the al- 
kaline properties of potassa, soda and lithia. For the same 
reason, all the carbonates, without exception, are decompos- 
ed by the muriatic and all the stronger acids; the carbonic 
acid is displaced, and escapes in the form of gas. 


CARBONIC OXIDE GAS. 
4 ; 

Wher two parts of well-dried chalk and one of pure iron 
filings are mixed together, and exposed in a gun-barrel to a 
red heat, a large quantity of aeriform matter is evolved, which 
may be collected over water. On examination, it is found 
to contain two compounds of carbon and oxygen, one of which 
is carbonic acid, and the other carbonic owide. By washing 
the mixed gases with lime water, the carbonic acid is absorb- 

ed, and the carbonic oxide gas is left in a state of purity. 
Priestley discovered this gas by igniting chalk ina gun- 
barrel, and afterwards obtained it in greater quantity from 
chalk and iron filings. He supposed it to be a mixture of 
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hydrogen and carbonic acid gases. Its real nature was point- 
ed out by Mr. Cruickshank,* and about the same time by 
Clément and Désormes.+ Kia 

Carbonic oxide gas is colourless and insipid. — It does not 
affect the blue i a of vegetables.in.any way; nor does 
it combine, like carbonic acid, with lime! or any of the pure 
alkalies. It is very sparingly dissolved by water. Lime-water 
does not absorb it, nor is its transparency affected by it. 

Carbonic oxide is inflammable. When a lighted taper is 
plunged into a jar full of that gas, the taper is extinguished ; 
but the gas itself is set on fire, and burns calmly at its sur- 
face with a lambent blue flame. The sole product of its com- 
bustion, when the gas is quite pure, is carbonic acid, from 
which it is certain.that it contains no hydrogen. 

‘Carbonic oxide gas cannot support respiration, It acts 
injuriously on the system; for if diluted with air, and taken 
into the lungs, it very soon occasions headach and other un- 
pleasant feelings; and when breathed | een it almost instant- 
ly causes profound coma. 

~Avmixture of carbonic oxide and oxygen gases may be 
shade to explode by flame, by a red-hot solid body, or by 
the electric spark. If they are mixed together in the pro- 
portion of 100 measures of carbonic oxide and rather more 
than 50 of oxygen, and the mixture is inflamed in Volta’s 
eudiometer by electricity, so as to collect the product of the 
combustion, the whole of the carbonic oxide, together with 50 
measures of oxygen, disappear, and 100 measures of carbonic 
acid gas occupy their place. From this fact, which was as- 
certained by Berthollet, and has been amply confirmed by 
subsequent observation, the exact composition of carbonic 
oxide gas may be easily deduced. For carbonic -acid con- 
tains its own bulk of oxygen; and since 100 measures.of 
carbonic oxide with 50 of oxygen form) 100 measures of car- 
bonic acid, it follows that 100 of carbonic oxide are composed 
of 50 of oxygen uuited precisely with the same quantity of 
carbon.as is contained in’ 100 measures of carbonic acid. Con- 
sequently, the composition of carbonic acid being 


™ Nicholson’s Journal, Ato Ed.ivol. v. + Annales de Chimie, vol. xxxix, 
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By Volume. . By Weight. 
Vapour of carbon 100 ; Carbon 6 
or 
Oxygen gas | 100 . Oxygen 16 


100 carbonic acid gas. 22 carbonic acid. 
That of carbonic oxide must be 


By Volume. - By Weight. 


Vapour of carbon 100 ; Carbon 6 
or 
Oxygen gas 50 : Oxygen 8 


100 carbonic oxide gas. 14 carbonic oxide. 


x 


. Grains. — 
Also, since 50 cubic inches of oxygen gas weigh 16.944 
and 100 of the vapour of carbon 12.709 


100 cubic inches of carbonic oxide gas must weigh 29.653 


Its specific gravity is therefore 0.9721; and to be satisfied 
of the accuracy of the data on which these calculations are 
founded, it is sufficient to state, that its density, as determin- 
ed experimentally by Dr. Thomson, is 0.9700, and is. 0.9727 
according to the experiments of Berzelius and Dulong. 

No compound of carbon and oxygen is known which con- 
tains a less quantity of oxygen than carbonic oxide. For this 
reason it is regarded asa combination of one proportion of 
carbon = 6 and one of oxygen = 8; and carbonic acid of 
one atom of carbon = 6 and two of oxygen = 16. The com- 
bining proportion of carbonic oxide is therefore 14, and that 
of carbonic acid 22. 

The process for generating carbonic oxide will: now be in- 
telligible. The principle of the method is to bring carbonic 
acid at a red heat in contact with some substance which has 
a strong affinity for oxygen. This condition is fulfilled by 
igniting chalk, or any carbonate which» can bear’ a red heat 
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without decomposition,’ such as‘ the carbonates of baryta, | 


strontia, soda, potassa, or lithia, with half its weight of iron 
filings or of charcoal: The carbonate is reduced to thé caus- 
tic state, and thé’ carbonic acid: is converted “into carbonic 
oxide by yielding oxygen to the iron‘or the charcoal.» When 
the first’ is used; ‘an oxidd of iron is the product ; when char- 


coal is employed; the’ charcoal’ itself is converted into carbo- | 


nic oxide. This gas may likewise be generated by heating to 
redness a mixture of almost any metallic:oxide with one-sixth 


of its weight of charcoal powder. » The oxides of zine, iron, Or’ 


copper, ‘are the cheapest’ and most convenient. It may also: 


be' formed by passing a'current of carbonic acid gas over ig» 
nited charcoal. In all these processes it is essential that the 


ingredients be quite free of moisture and*of hydrogen, other- 


wise some ‘carburetted: hydrogen gas ‘would ‘be generated. » 


The product must always be washed with lime-Water to wiiawie 


rate it from carbonic acid. 


. Dr. Henry has ascertained that when a succession of Soil 


tric’ sparks. is passed: through carbonic acid: confined: over mer= 
cury, @ portion: of that gas is converted into carbgnic oxide 
andoxygen. ‘When a mixture of hydrogen and carbonic acid 


gases is electrified, ‘a portion of the latter yields: one half of’ | 
its oxygen to the former; water is generated, and carbonic: | 


oxide baal get: 
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SULPHUR. 


SuLPHUR occurs as a mineral ound nail in some parts of thes 
earth, particularly i in the neighbourhood of volcanoes, as in 


Italy and Sicily. » It is conimonly: found’ ina massive state ; 

but is sometimes met) with’ crystallized in the form’ of an 
oblique rhombie octahedron; It'existsmiuch more abundant. 
ly in combination, with several wietals; such:as silver, copper, 


antimony, lead, and iron. It is procuted:in large quantity 
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by exposing the common iron pyrites to a red heat in close 
vessels. , 

- Sulphur is a brittle solid, of a Sixertioh yellow islent | 
emits a peculiar odour when rubbed, and has little taste. It. 
is a non-conductor of electricity, and is excited negatively by 
friction. Its specific gravity is 1.99. At the temperature of 
190° F. it begins to liquefy ; it isin a state of perfect fusion at 
220° F., and if then cast into cylindrical moulds, forms. the 
common roll sulphur of commerce. It becomes viscid and ac- 
quires a reddish-brown, colour when the heat. is raised. to 300° 
or 350° F.; and if poured at that temperature into water, it be- 
comes a ductile mass, which may be used for iehin the im-. 
pression of seals. | 

Fused sulphur has a tendency to crystallize i in ncooling. A 
crystalline arrangement is perceptible in the centre of shes com- 
mon roll sulphur; and by good management regular crystals. 
may be obtained. For this purpose, several pounds of sulphur 
should be melted in an earthen crucible ; and when partially 
cooled, the outer solid crust should be pierced, and the 
crucible quickly inverted, so that the inner and as yet fluid 
parts may gradually flow out. On breaking the solid mass, 
when. quite cold, cry stals of sulphur will be found in its in- 
terior. 

Sulphur is very volatile. It begins to rise slowly, in in vapour: 
even before it is completely fused. At 550° or 600° F, it vola- 
tilizes rapidly, and condenses again unchanged in close vessels. 
Common sulphur is purified by this process; and if the sub- 
limation be conducted slowly, the sulphur collects in the re- 
ceiver in the form of detached crystalline grains, called flowers 
of sulphur. In this state, however, it is not quite pure; for 
the oxygen of the air within the apparatus combines with a 
portion of sulphur during the process, and forms sulphurous 
acid. The acid may be removed by washing the flowers re- 
pene. with water. | 

Sulpbur i is insoluble in water, but unites with it inital fa- 
vourable circumstances, forming the white hydrate of sulphur, 
termed Lac Sulphuris. It dissolves readily in boiling oil of 
turpentine. The solution has a reddish-brown colour like 
melted sulphur, and if fully saturated deposits numerous 
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small ciystals'in cooling... Sulphur is'also.soluble in alcohol, 
if both substances are brought together in.the form of vapour. 

The sulphur is arial from one solmnon by the egeeition 
‘of water. 

Sulphur, like charcoal, retains a schaties of Dvdension so 
ahetinateby that it cannot be wholly freed from it either by fu- 
sion or sublimation. Sit H. Davy detected its presence by 
exposing sulphur to the strong heat of a powerful galvanic 
battery, when some sulphuretted hydrogen gas was disengag- 
ed. The hydrogen, from its minute quantity, can only be’ re- 
garded in the light of an accidental impurity, ond as nowise 
essential to the nature of sulphur. | 
_ When sulphur is heated in the open air to 300° F. or a lity 
tle higher, it kindles spontaneously, and burns with a faint blue 
light. In oxygen gas its combustion is far more vivid ; the: 
flame is much larger, and of a bluish-white colour... Sulphu-' 
rous acid is the product in both instances ;—no sulphuric acid 
is formed even in oxygen gas unless moisture is present. 


-. COMPOUNDS OF SULPHUR AND OXYGEN. 


‘Chemists are at present acquainted with four compounds 
of sulphur and oxygen, all of which have acid properties. 
Their composition is shown by the following table. 


Sulphur. Oxygen. 
Hyposulphurous acid 16 8 
Sulphurous acid ath eG 16 
Sulphuric acid _ on h6 QA, ‘ 
Hyposulphuric acid. 32 40 ee 


oH ee Y 
now 


SULFHUROUS ACID GAS. 


Pure sulphurous acid, at the common. temperature and 
pressure, is a colourless transparent gas, which was first, ob- 
tained in a separate’ state by Priestley.* It is the sole 
- product when’sulphur burns in. air or in dry oxygen gas, and. 


* Priestley on Air, vol. ii. p. 1. ’ bot ip 
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is the cause of the peculiar odour emitted by that substance 
during its combustion. It may also be prepared: by depriv- 
ing sulphutic acid of one proportion of its oxygen. ‘This may 
be done in several ways. If chips of wood, straw, or cork, 

dil, or other vegetable matters, be heated in strong ailpbiitic 
acid, the carbon and hydrogen of those substances deprive 
the acid of a part of its oxygen, and convert it into sulphur- 
ous acid. Nearly all the metals, with the aid of heat, have’a 
similar effect. One portion of sulphuric acid yields oxygen 
to the metal, and is thereby converted into sulphurous acid 3 
while the metallic oxide, at the moment of its formation, unites 
with some of the undecomposed sulphuric acid. The best 
method of obtaining pure sulphurous acid gas, is by putting 
two parts of mercury and three of sulphuric acid into a glass 
retort, the’ beak of which is received under mercury, ‘and 
heating the ‘mixture by an Argand lamp. Effervescence’soon 
takes place, a large quantity of pure sulphurous acid is disen- 
gaged, and the sulphate of the oxide of mercury remains in 
the retort. , 

Sulphurous acid gas is distinguished from all other gaseous 
fluids by its suffocating pungent odour. All burning bodies, 
when immersed in it, are extinguished, without setting fire to 
the gas itself. It is fatal to all animals which are’ placed in 
it. A violent spasm of the glottis takes place, by. which the 
entrance of the gas into the lungs is prevented; and even 
when diluted with air, it excites cough, and causes a Pe ona 
liar‘uneasiness about the chest. 

Recently boiled water dissolves about 33 times its volume 
of sulphurous acid, at 60° F. and 80 inches of the barometer, 
forming a solution which has the peculiar odour of that com- 
pound, and from which the gas — be expelled by ebulli- 
tion, without change. 

Sulphurous aici has eotsiderniid Hiatichinee properties. It 
reddens litmus paper, and then slowly bleaches it, Most ‘ve- 
getable colouring matters, such as that of the’ rose and’ the 
i are speedily removed, without being first reddened by 
it. It is remarkable that the colouring. prineiple is not. 
destroyed by the sulphurous acid ; it may be restored either 
by a stronger acid or by am alkali. | 
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_| Sie H. Davy inferred. from his experiments on the com- 
bustion of sulphur in, dry oxygen gas, (Elements, p. 273,) 
that the volume of the oxygen, is not altered during the pro- 
cess, a fact which is now admitted by most chemists; so that 
100 cubic inches of sulphurous acid contain’ 100 cubic inches 
of oxygen. . According‘to Dr. Thomson, (Annals of Philoso- 
phy, vol. xvi.) sulphurous. acid gas is just twice as heavy as 
oxygen; and the experiments of Davy and of Thenard cor- 
respond. very closely with his. result. It follows, therefore, 
that ‘sulphurous.acid consists of equal. weights. of sulphur 
and oxygen 5 and consequently that 100. cubic: inches ‘weigh 
67.776 grains, and. contain 33,888 grains of sulphur... ‘This 
proportion is also established by the researches of . Basaglate 
(An. de Ch, et de Ph. vol. v.) 

_ By the formula, page 139, it’ may be calculated that the 
ataaika gravity of the vapour of sulphur is the same as that 
of oxygen gas, or 1.1111; and hence 100 cubic inches of that 
vapour must weigh 33.888 grains, From this it is manifest, 
that 100 cubic inches of sulphurous acid gas are composed of 


. Vapour of Sulphur gic ack 100 eubie:incties: 
eaasygen ul 4.8 .A. tiv lov eT. TOOnaaAé pay 


The specific ‘ciate of sulphurous acid gas is ha course 
déuble that of oxygen, or 2.2222, 

It is inferred from the composition of hy péotihihiamedi acid, 
sulphuretted hydrogen, and other compounds of sulphur, that 
16 is the number. which expresses the combining proportion 
of that substance. Hence sulphurous acid is composed of 16 
or 1 proportion of sulphur, .and 16. or 2 proportions of oxy- 
gen. Its atomic weight is therefore 32. i eh3 

Though sulphurous acid cannot be made ‘to burn ‘by the 
approach of flame, it has a very strong attraction for oxygen, 
uniting with it under favourable circumstances, and forming 
sulphuric acid. ‘The presence of moisture is essential to this 
change. » A mixture of sulphurous acid’and oxygen gases, if 
-quite dry, may be preserved over mercury for any. length of 
time without acting on each other. But if a little water be 
admitted, the sulphurous acid gradually unites with oxygen, 
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and disappears entirely. For this reason, a solution of sul- 
phurous acid in water cannot be kept’ unless the atmospheric 
air is carefully excluded. Many of the chemical properties of 
sulphurous acid are owing to its affinity for oxygen. On being 
added to a solution of the peroxide of iron, it takes oxygen, 
and thus converts the peroxide-into the protoxide of that me- 
tal. The solutions of metals which have a weak affinity for 
oxygen, such as gold, platinum, and mercury, are completely 
decomposed by it, those substances being precipitated in the 
metallic form. Nitric acid converts it instantly into sulphu- 
ric acid by yielding some of its oxygen. The peroxide of 
manganese causes a similar change, and is itself converted into 
the protoxide of manganese, which unites with the pt ere 
acid. 

Sulphurous acid gas may be passed through red-hot tubes 
without decomposition. Several substances which have a 
strong affinity for oxygen, such as hydrogen, carbon, and 

potassium, decompose it at the temperature of ignition. 

_ Of all the gases, sulphurous acid is most readily liquefied 
by compression. According to Mr. Faraday, it is condensed 
by a force equal to the pressure of two atmospheres. M. 
Bussy (Annals of Phil. vol. viii. N. S.) has obtained it in a 
liquid form under the usual atmospheric pressure, by passing 
it through tubes surrounded bya freezing mixture of snow 
and salt. The anhydrous liquid acid has a density of 1.45. 
It boils at 14° F. From the rapidity of its evaporation at 
common temperatures, it may be used advantageously for 
producing an intense degree of cold. M. Bussy succeeded 
in freezing mercury, and liquefying ‘several of the:gases, by 
employing it with this intention, 

Sulphurous acid combines with metallic. canes a forms 
salts which are called sulphites.. » 


SULPHURIC ACID. 


Sulphuric acid was dintaaiil by Basil Valentine togards 
the close of the 15th century. It is procured for the pur- 
poses of commerce by two methods. The first. is the pro- 
cess which has been pursued many. years in the manufactory 
at Nordhausen in Germany, and consists in decomposing the 
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sulphate of the protoxide of iron (green vitriol) by heat. 
‘The crystallized protosulphate of iron contains seven atoms 
of water of crystallization; and when strongly dried by the 
fire, it crumbles down into a white powder, which, according 
to Dr. Thomson, contains one atom of water. On exposing 
this dried protosulphate of iron to a red heat, the whole of 
‘the sulphuric acid is expelled, the greater part of it passing 
over unchanged into the receiver, in combination with the 
“water of the salt, One portion of the acid is resolved by the 
strong heat employed in the distillation into sulphurous acid 
and oxygen. ‘The former escapes as gas throughout the 
whole process; the latter only in the middle and latter stages, 
being retained, in the beginning of the distillation, by the 
protoxide of iron. The peroxide of iron is the sole residue. 
The acid, as procured by this process, is a dense, oily, co- 
lourless liquid, which emits copious white vapours on expo- 
sure to the air, and is hence called fuming sulphuric acid. 
Its specific gravity is stated at 1.896 and 1.90. 


From the analysis of Dr. Thomson it is composed of 


Anhydrous sulphuric acid . 80. . 2, proportions. 
Water : ; Orit. wind rr 


On putting this acid into a glass retort, to which a receiver 
‘surrounded by snow is securely adapted, and applying a very 
- gentle heat to it, a transparent colourless vapour passes over, 
which condenses into a white crystalline solid. .'This sub- 
stance is shown by the experiments of Thomson, Ure, and 
 Bussy, to be pure anhydrous sulphuric acid. Itistough and 
elastic ; liquefies at 66° F. and boils at a temperature be- 
tween 104° and 122° F., forming, if no moisture is present, a 
transparent vapour. Exposed to the air, it unites with wa- 
tery vapour, and flies off in the form of dense white fumes. 

The residue of the distillation is no longer fuming, and is 
in every respect similar to the common acid of commeree. 

The second process for forming sulphuric acid, which is 

practised in Britain and in most parts of the Continent, is by 
burning sulphur previously mixed with one-eighth of its weight 
' of nitrate of potassa.. The mixture is burned in a furnace so 
contrived that the current of air which supports the combus- 
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tion, conveys the gaseous products into’'a large leaden cham- 
‘ber, the bottom of which is covered to the depth of several 
inches with water. The nitric: acid yields oxygen tova por- 
tion of sulphur; and converts it into: sulphuric acid, which 
combines with the potassa of the nitre; while the greater part 
of the sulphur forms sulphurous acid by uniting with the 
oxygen of the air. The nitric acid, m losing, oxygen, ‘is 
converted into the deutoxide of nitrogen, which, by mix- 
ing with air at the moment of its separation, gives rise to the 
red nitrous acid vapours. The gaseous substances’ present 
in the leaden chamber, are therefore sulphurous and nitrous 
acids, atmospheric air, and watery vapour. » The explanation 
of the mode in which these substances react on one another 
so as to form sulphuric acid, was suggested by Clément and 
Désormes, (An:de Ch, vol, lix.) and the subject has been put 
in a still clearer light by Sir H. Davy. (Elements, p. 276.) 
On mixing together dry sulphurous acid gas and nitrous acid 
vapour in a glass vessel quite free from moisture, no change 
ensues; but if a drop of water be added, so as to fill the space 
with vapour, a white crystalline solid is formed, which is com- 
posed of water and the two acids. . When these crystals come 
into contact with water, the sulphurous acid takes oxygen 
from the nitrous acid, the deutoxide of nitrogen escapes with 
effervescence, and the sulphuric acid is dissolved by the water. 

A similar change. takes place within the leaden chamber. 
The crystalline cl ia is decomposed by the water at the bot- 
tom of the chamber, by: which” sulphuric acid is generated, 
and the deutoxide of nitrogen set free. ‘That gas, in mixing 
with atmospheric air, is again converted into nitrous acid, and 
thus gives rise to the formation of a second portion of the 
crystalline solid, which 1s resolved, like the: preceding, into 
sulphuric acid and the deutoxide of nitrogen. . ‘These succes- 
sive combinations and decompositions continue till the water 
is sufficiently charged with sulphuric acid, when it is drawn 
off.and concentrated by evaporation, fii 

It hence appears that the oxygen by which the sniphigvous 
is converted into the sulphuric acid, is in reality supplied by 
the air; and that the combination is: effected, not directly, 
but through the medium of the nitrous acid. The decom- 
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position of the erystalline solid by water seems Contes to: the 
affinity of the water for sulphuric: acid.» | ae 
Sulphuric acid, as thus prepared, isinever pai pure. It 
contains some sulphate of potash and of lead, the-former de- 
sived ‘from, the nitre. employedsin making it, the latter from 
the leaden chamber. | 'To separate these impurities, the acid 
should be distilled from a glass or platinum retort.: “The 
former may be used with safety by putting some fragments 
of platinum leaf into it, which causes the acid to boil freely 
on. the. Sppbestion of heat without danger of pase the | 
vessel. , 
_ Pure sulphuric acid, as 4 obtained by the aeondd process,’ is 
a dense, colourless, oily fluid, which boils at 620° F., and 
has a-specific gravity; In its most concentrated form, of 1847 
or alittle higher, never ‘exceeding 1.850. It is one of the 
strongest acids with which chemists are acquainted. When 
undiluted it is powerfully corrosive. It decomposes. all: ani- 
mal and. vegetable substances by the: aid of heat, causing 
deposition of charcoal and formation of water. It has a 
strong sour. taste, and reddens litmus paper, even though 
greatly diluted. It unites with alkaline substances, and sepa- 
rates all other acids more or less completely from their combi- 
_nNations with the alkalies, - 
Sulphuric acid .has.a,very great affinity for water, aiid 
unites with it in every proportion. .The combination takes 
place with the production of an.intense heat.. When four 
parts by weight of the acid are suddenly mixed. with one of 
water, the temperature of the mixture rises, according: to Dr. 
Ure, to,300° F. . By its attraction for water it. causes the 
sudden liquefaction, of snow; and if mixed with it in due 
proportion, (p. 45) an,intense degree of cold is generated. It 
absorbs watery. vapour with avidity from the air, and on this 
account is employed in the process. for freezing water by its 
own evaporation. ‘The operation of sulphuric acid in destroy- 
ing the texture of the skin, in forming ethers, and in decom- 
posing animal and vegetable substances in general, seems iy 
endant on its affinity for water, . 
The sulphuric acid of commerce freezes at —15° F.. ees 
luted with water so as to have a specific gravity of 1.78 it 
congeals even above 32° F., and remains in the solid state, 


220 SULPHUR. 


according to Mr. Keir, till the temperature rises to 45° F. 
When mixed with rather more than its weight of water, its 
freezing point is lowered to —36° F. 

- When sulphuric acid is passed through a small porcelain 
tube heated to redness, it is entirely decomposed ; and Gay- 
Lussac found that it 1s resolved into two measures of sul- 
phuric acid and one of oxygen.’ Hence it follows that real 
sulphuric acid is composed of 


) By Weight. By Volume. 
Sulphur . 16  . 1p. or vapour of sulphur 100 
Oxygen ©. 24 . Sp. : - t . 150 


and its atomic weight is 40. Berzelius ascertained its com- 
position by converting a known weight of sulphur into sul- 
phuric acid; and his result confirms the conclusion of Gay- 
Lussace. 

Chemists possess an unerring test of the presence of sul- 
phuric acid. If a solution of muriate of baryta is added to 
a liquid containing sulphuric acid, it causes a white precipi- 
tate, the sulphate of baryta, which is characterized by its in- 
solubility in acids and alkalies. 

Sulphuric acid does not occur free in nature, except occa- 
sionally in the neighbourhood of volcanoes. In combination, 
particularly with lime and baryta, it is very abundant. 

Hyposulphurous acid.—This acid may be formed in seve- 
ral ways :—1. By digesting sulphur in a solution of any sul- 
phite ; 2. by the digestion of iron filings in a solution of sul- 
phurous acid ; 3. by passing a current of sulphurous acid into 
a solution of the hydrosulphuret of lime or strontia. In the 
first case, the sulphurous acid takes up an additional quan- 
tity of sulphur, and a salt of hyposulphurous acid is obtain- 
ed; in the second, the sulphurous acid yields one half of ‘its 
oxygen to the iron, and a hyposulphite of the protoxide of 
iron is generated ; and in the third, the sulphurous acid is de- 
prived of one half of its oxygen by the hydrogen of the sul- 
phuretted hydrogen, pure sulphur is precipitated, and a hy- 
posulphite of lime or of strontia remains in solution. ° 

The salts of hyposulphurous acid were first described by 
_Gay-Lussac in the 85th vol. of the Annales de Chimie, under 
the name of the Sulphuretted Sulphites. Its real nature was 
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first.explained by Dr. Thomson in his System of Chemistry, 
‘and. the researches of Mr. Herschel. (Edin. Philos. Journal, 

vol. i. pages 8 and 396) leave no doubt of the accuracy of his 
opinion, On exposing the hyposulphite of lime to a’ red 
heat, Mr, Herschel found that free sulphur is given off, and 
that a sulphite of lime remains, the acid of which contains a 
quantity of sulphur equal to what is expelled during the ex- 
periment. It hence follows that the hyposulphurous’ con- 
tains twice as much: sulphur as the sulphurous acid, or is 
composed of 


Sulphur. 16°. one p. 
Oxygen : 8 ; one p. 


and therefore the weight of its atom is 24. 

-Hyposulphurous acid cannot exist permanently in a free 
state. On decomposing a hyposulphite by any stronger acid, 
such as the sulphuric or muriatic, the hyposulphurous acid, 
at the moment of quitting the base, resolves itself into sul. 
phurous acid and sulphur. All hyposulphites may be known 
by this character. Mr. Herschel succeeded in obtaining free 
hyposulphurous acid, by adding a slight excess of sulphuric 
acid ‘to a diluted solution of the hyposulphite of strontia; 
but its decomposition very soon took place, even at common 
temperatures, and was instantly effected by heat. | 

Hyposulphuric acid.—The hyposulphuric acid was dicen. 
~ vered in 1819, by Welter and Gay-Lussac, who published their 
description of it.in the 10th vol. of the An. de Ch. et de Phy- 
sique. It is formed by passing a current of sulphurous acid 
gas through water containing peroxide of manganese in fine 
powder. The manganese yields oxygen to the sulphurous 
acid, thus converting one part of it into sulphuric, and another 
part into. the hyposulphuric acid; both of which unite with 
the protoxide of manganese. ‘To the liquid, after filtration, 
a solution of pure baryta is added in slight excess, which pre- 
cipitates the protoxide of manganese, and forms an insoluble 
sulphate of baryta with the sulphuric, and a soluble hyposul- 
phate with the hyposulphuric acid. The hyposulphate of 
baryta is then decomposed by a quantity of sulphuric acid ex- 
actly sufficient for precipitating the baryta, and the hyposul- 
phuric acid is left in solution. 
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This compound reddens litmus paper, has a, sour taste, and 
forms neutral ‘salts with the alkalies, It has no odour, by 
which circumstance it is distinguished from sulphurous acid. 
It.eannot be confounded with the sulphuric acid ; for it forms 
soluble salts with baryta, strontia, lime, and the oxide of lead, 
whereas the compounds which sulphuric acid forms with those 
bases are all insoluble. The hyposulphuric acid cannot be 
obtained. free from water. Its solution, if confined with a 
vessel of sulphuric acid under the exhausted receiver of an 
air-pump, may be concentrated till it has a density of 1.5475 
but if an attempt is made to condense it still further, the acid 
is decomposed, sulphurous acid gas escapes, and sulphuric acid 
remains in solution. A similar change is still more readily pro- 
duced if the evaporation is conducted by heat. 

Welter and Gay=Lussac analyzed the hyposulphuric acid 
by applying heat to the neutral hyposulphate of baryta. At 
a temperature a little above 212° F., this salt suffers com- 
plete decomposition ; sulphurous acid gas is disengaged, and 
a neutral sulphate of baryta is obtained. They ascertained 
an this way, that 72 grains of hyposulphuric acid yield 32 
grains of sulphurous, and 40 of sulphuric acid ; ro m which 
itis probable that the hyposulphuric acid is composed of an 
atom, of each of those acids, combined directly with one 
another, | Regarded as a definite compound of sulphur and 
ORYECMs its composition 1S, 


Sulphur ’ 82 2 atoms. 
Oxygen . . 40 5 atoms. 


Its combining proportion, whichever opinion is adopted, is 


SECTION VIII. 
PHOSPHORUS. 


PuosrPHoRrus was discovered about the year 1669 by Brandt, 
an alchemist of Hamburgh, It was originally prepared from 
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urine; but Scheele afterwards described a method of obtaining. 
it from bones, | The object of both processes is to bring phos- 

phoric acid im contact with charcoal at a strong red heat. .. The 
charcoal takes oxygen from the phosphoric acid; carbonic acid 

is disengaged, and phosphorus is’ set free. When urine is 
employed, the phosphoric acid ‘contained in it should be se- 

parated by a solution of the acetate of lead. The phosphate 

of lead subsides, which, if heated to redness with one:fourth 

of its'weight of powdered charcoal, yields phosphorus readily. 

If bones are to be used, they should first: be ignited’ in-an 

open fire till they become quite white, so as to destroy all the 

animal matter they contain, and oxidize.the carbon proceed- 

ing from its decomposition. The calcined bones, of which 

phosphate of lime constitutes nearly four-fifths, should be 

réduced to a finé powder, and be digested for a day or two 

with half their weight of concentrated sulphuric acid, somuch 

water being added to’ the mixture as to give it the:consistence 

of a thin paste. ‘The phosphate’ of lime ‘is decomposed by 

the sulphuric acid, and two new salts are generated,——the in- 

soluble neutral suiphate, and the soluble biphosphate of lime. 

On the addition of boiling water the biphosphate is dissolved; 

and may be separated by filtration from the sulphate of lime. 

The solution is then evaporated to the thickness of syrup, 
mixed with one-fourth of its.weight of charcoal in powder, and 

is heated in‘an earthen retort well luted with clay.’ ‘The 

beak of the retort is put into water, in which the phosphorus, 
as it passes over in the form of vapour, is collected.» When 

first obtained, it is frequently of a reddish-brown colour, ows 

ing to the presence of the phosphuret of carbon, which is 

generally formed during the process. It may be purified by 

being put into hot water, and pressed while liquid ‘through 

chamois leather; or the purification may be memnerey ware 
more complete by a second distillation. 

Pure phosphorus is transparent and almost viliaceioial te 
is so soft that it may be cut with a knife, and the cut surface 
has a waxy lustre. At the temperature of 108° F. it a 
and at 550° F. it sublimes. 

Phosphorus is “exceedingly inflammable, »Exposéd to” the 
air at common temperatures, it undergoes a slow combustion ; 
it’ emits’a white vapour of a peculiar alliaceous smell, appears 
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distinctly luminous in the dark, and is. gradually ‘consumed.; 
On this account, phosphorus should always be kept under 
water. . The disappearance of oxygen which accompanies 
these changes is shown by putting a stick of phosphorus in @ 
jar full of air, inverted over water. The volume of the gas 
gradually diminishes, and if the temperature of the air is 
at 60° F., the whole of the oxygen will be withdrawn in 
the course of 12 or 24 hours. The residue is nitrogen, 
containing about 1-40th of its bulk of the vapour of phospho- 
rus. It is remarkable that the slow combustion of phospho- 
rus does not take place in pure oxygen, unless its tempera- 
ture be about 80° F.; but if the oxygen is rarefied by dimi- 
nished pressure, or diluted with nitrogen, hydrogen, or car- 
bonic acid, then the oxidation occurs at 60° F. 

A very slight degree of heat is sufficient to inflame phos- 
phorus. Gentle pressure between the fingers, friction, or a 
temperature not much above its point of fusion, kindles it 
readily. It burns rapidly even in the air, emitting a splen- 
did white light, and causing an intense heat. Its combustion 
is far more rapid in oxygen gas, and the light proportionably 
more vivid. | 


COMPOUNDS OF PHOSPHORUS AND OXYGEN.—PHOSPHORIC ACID. 


Of the compounds of phosphorus and oxygen, phosphoric 
acid is by far the most interesting and important. This acid 
may be obtained in a state of perfect purity by burning phos-. 
phorus in air or oxygen gas. Copious white vapours are pro- 
duced, which fall to the bottom of the vessel like flakes of 
snow. In this state it 1s the solid anhydrous phosphoric acid. 
From its powerful affinity for water, it attracts watery vapour 
rapidly from the atmosphere, and in the course of two or 
three minutes appears in the form of minute drops of liquid, 
which is a solution of phosphoric acid in water. 

Phosphoric acid may be conveniently formed by the action: 
of nitric acid on phosphorus. ‘The phosphorus takes oxygen 
from the nitric acid, and a large quantity of the deutoxide of 
nitrogen is disengaged ; but as the reaction is apt to be very 
violent, the process ought to be conducted with caution. It 
is best done by adding fragments of phosphorus to concen- 
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trated nitric acid contained in a platinum capsul. A gentle 
heat is applied'so as to commence, and, when necessary, to 
maintain a moderate effervescence; and when one portion of 
phosphorus disappears, another is added, till the whole of 
the nitric acid is exhausted. The solution is then ree! semigeg 
to dryness. - : 

Phosphoric acid may be Finnie at a much -chuearper rate 
from bones, For this purpose, the biphosphate of lime, ob- 
tained in the way already described, should be boiled for a 
few minutes with an excess of the carbonate of ammonia. The 
lime is thus precipitated as a carbonate, and the solution con- 
tains phosphate, together with a little sulphate of ammonia. 
The liquid, after filtration, is evaporated to dryness, and therm 
ignited in a platinum crucible, by which ast ammonia and 
sulphuric acid are expelled. ' 

Solid phosphoric. acid unites with water in every propor 
tion, and forms, if concentrated, a dense oily liquid. On 
heating the solution in a-platinum vessel, the greater part of 
the water is driven off; the residue fuses at a low. red ‘heat, 
and concretes on cooling into a brittle glass, called glacial 
phosphoric acid. This substance is a hydrate of phosphoric 
acid, which cannot be decomposedby the fire; for on expos- 
ing it to a strong red heat, with the view. of expelling the wa- 
ter, the compound itself is volatilized. According to Dulong, 
it is composed of 36 or three atoms of phosphoric acid, and 
nine or one atom.of water. 

Phosphoric acid is intensely sour to the taste, reddens lit- 
mus paper strongly, and neutralizes the alkalies. It is there- 
fore a powerful acid; but it does not destroy the texture of 
the skin like the sulphuric and nitric acids. It may be dis’ 
tinguished from all other acids by the following circum- 
stances :—that when carefully neutralized by pure carbonate 
of soda or potash, it forms a solution in which no precipitate 
or change of colour is produced when a stream of sulphuretted 
hydrogen gas is passed through it; but which is precipitated 
white by a solution of the acetate of lead, and yellow. by the 
nitrate of silver. The first, precipitate, the phosphate of lead, 
dissolves completely on the addition of nitric or phosphoric 
acid; the second, the phosphate of silver, is dissolved by 
both those acids, and also-by ammonia. 
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The composition of phosphoric acid hasbeen imvestigated’ 
by Sir H. Davy; Dr. Thomson, Berzelius, and’ M. Dulong:' 
‘The subject is one of much difficulty, and ‘the results of ‘the’ 
two former chemists differ widely from those of the two lat-’ 
ter. Dr. Thomson infers * from experiments made by Sir’ 
H. Davy and himself, (and his estimate is generally adopted’ 
in’ this country;) that phosphoric acid i Is oe of 


Phosphorus / AB ving 1 atom. 
* \eixygeris ogncncks 1 223% 2 atoms. 
’ 4 | » 28 
and, consequently, its — is 28. 


Phosphorous acid.—When phosphorus i is hedteit ; in highly’ 
rarefied air, an imperfect oxidation ensues, and the phospho- 
ri¢ and phosphorous acids are both generated, the latter be- 
ing obtained in the form of a white volatile powder. | In this 
state it is anhydrous. Heated in the open air, it takes fire, 
and forms phosphoric acid ; but if exposed to heat in close 
vessels, it is resolved into phosphoric, acid and phosphorus. 
It dissolves readily in wateP9: has a sour taste,’ and ‘smells 
somewhat like garlic.. It unites with alkalies, and forms salts 
which are termed phosphites. The solution of phosphorous 
acid absorbs oxygen slowly from the air, and is converted in- 
to phosphoric acid. From its tendency to unite with an ad- 
ditional quantity of oxygen, it is a powerful deoxidizing agent; 
and, hence, like sulphurous acid, precipitates mercurv, silver, 
platinum, and gold, from their saline combinations inthe me- 
tallic form, | Nitric acid, of course, converts it into pllosphit: 
ric acid. | 

Phosphorous acid may be shibaes more conveniently by 
subliming phosphorus through “powdered: corrosive’ subli- 
mate, (a compound of chlorine and mercury,) contained in a 
glass tube.+ A limpid liquid comes over which is a com- 
pound of chlorine'and phosphorus. When this substance is 
put into water, a peculiar change occurs. A portion’ of wa- 


* First Principles, vol. i. p. 203, 
+ Davy’s Elements, p- 288, 
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ter is. decomposed ; ; its hydrogen unites with the chlorine, 
and forms muriatic acid ; while the . oxygen attaches itself to 
the phosphorus, by which phosphorous acid is produced. The 
solution is then evaporated to the consistence of syrup to ex- 
pel the muriatic acid ; and the residue, which is the hydrate 
of phosphorous acid, becomes a crystalline solid on cooling. 
It inflames when gently heated in the ‘open air, and has all 
the properties of phosphorous acid. 

Phosphorous acid is also generated ‘during the slow OXi- 
dation of phosphorus in atmospheric air. The product 
attracts moisture from the air, and forms an oily-like liquid: 
M. Dulong thinks that a-distinct acid is generated in this 
case, which he calls phosphatic.acid; but the opinion of Sir 
H. Davy, that it is merely a mixture of phosphoric and hae 
phorous acids is, I conceive, correct. 

With respect to the composition of whesphisons acid, Ba 
H. Davy ascertained by careful experiment, that it contains 


one half less oxygen’ than phosphoric acid ; from whielv it fol- 


lows that it is composed of 


Phosphorus -. 12 .. «one atom 
Oxygen © oF ic Blas vs one atom, 


So that its atomic weight is (20, 


‘Ez hiathsnp bonds acid.—This acid was discovered in 1816 
by M. Dulong,* and is produced by the action of water on 
the phosphuret of baryta.. The water suffers decomposition; 
its elements unite with different portions of phosphorus, by 
which three compounds, phosphuretted hydrogen, phosphori¢ 
acid, and hypophosphorous acid, are generated. The first 
escapes in the form of gas; the two latter combine with the 
baryta. The hypophosphite of baryta, being soluble, dis- 
solves in the water, and may consequently be separated by 
filtration from the phosphate of baryta, which is insoluble. On 
adding a sufficient quantity of sulphuric acid for precipitat- 
ing the baryta, the hypophosphorous acid is obtained in a 
free state. On evaporating the solution, a viscid liquid re- 


* Mem. d’Arcueil, vol. iii., or An. de Ch. et de Physique, vol. ii, 
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mains, highly acid and uncrystallizable, which is a hydrate 
‘of hypophosphorous acid. When an attempt is made to ex- 
pel the water by heat, the acid itself, and some of the wa- 
ter, are decomposed ; phosphuretted hydrogen gas is disen- . 
gaged, a little phosphorus sublimes, and phosphoric acid is 
left. 

The hypophosphorous acid is a powerful deoxidizing agent. 
It unites with alkaline bases; and it is remarkable that all 
its salts are soluble in water. ‘The hypophosphites of potash, 
soda, and ammonia, dissolve in every proportion in rectified 
aleohol ; and the hypophosphite of potash is even more deli- 
quescent than the muriate of lime. They are all decomposed 
by heat, and yield the same products as the acid itself. 

M. Dulong determined the proportion of its elements by 
converting it into phosphoric acid by means of chlorine. He 
infers from his analysis that it contains 27.25 per cent of 
oxygen; but, according to Sir H. Davy, it has exactly one 
half less oxygen than the phosphorous acid, and is therefore 
composed of 


Phosphorus : Qh . 2 atoms. 


Oxygen. : 8 -  Latom. 


Oxides of phosphorus.—Chemists have not yet sueceeded 
in proving the existence of any oxide of phosphorus. When 
phosphorus is kept under water for some time, a white film 
forms upon its surface, which some have regarded as an oxide © 
ef phosphorus. The red-coloured matter which remains after 
the combustion of phosphorus, is also supposed. to be an oxide. 
The nature of these substances has not, however, been de- 
termined in a satisfactory manner. 
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SECTION 1X. 
BORON, 


Sir H. Davy discovered the. existence.of Boron, in 1807, 
by exposing boracic acid to the action’ of a powerful galvanic 
battery ; but he did. not, obtain a sufficient supply of .it for 
determining its properties, It was procured in greater quan- 
tity by Gay-Lussae and Thénard* in)1808,, by: heating bo- 
racic acid with potassium. The boracie acid.is by this means 
deprived of its oxygen, and. boron is: set. free. 

Boron is a dark. olive-coloured. substance, which has nel- 
ther taste nor smell, and is a non-conductor of ¢lectricity., It 
is insoluble in water, alcohol, ether,,,and oils, -It does not 
decompose water whether hot or cold... It: bears an.intense 
heat in close vessels, without fusing or undergoing any other 
change, except a slight increase of density. Its specific gra- 
vity.is about twice as. great as that of .water. It may be ex- 
posed to the atmosphere at. common ‘temperatures without 
change; but if heated to, 600° -F., it suddenly takes. firey 
oxygen gas disappears, and boracie acid is generated. It 
experiences a similar change when: heated: im nitric acid, or 
with any substance that, yields oxygen with facility. 

Boracic acid.—This is' the only known compound of boron 
and oxygen. Asa natural product it is found: in the hot 
springs of Lipari, and in’ those of Sasso. in the Florentine 
territory.. It. 1s a -constituent.of several minerals, among 
which the datolite and boracite may in particular be:men- 
tioned. It occurs much mote abundantly under the form of 
borax, a native eompound of boracic acid and soda. It is 
prepared for chemical purposes by adding sulphuric .acid to: 
a concentrated. solution of purified borax in boiling water, till. 
the liquid acquires a distinct acid reaction. The sulphuric: 
acid unites with the soda; and the boracic acid is deposited, 
when the solution cools, in a confused group of crystals, 


* Recherches Physico-Chimiques, vol. ie 
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which are sometimes scaly, and sometimes assume the form of 
minute irregular prisms. It is then thrown on a filter, and 
edulcorated with cold water till the sulphate of soda and ex- 
cess of sulphuric acid are entirely removed. 

Boracic acid in this state is a hydrate. Its precise degree 
of solubility in water has not been determined with accura- 
cy; but itis much more soluble in hot than in cold. water. 
Boiling alcohol dissolves it freely, and the solution, when 
set on fire, burns with a~ beautiful green flame; a test 
which affords the surest indication of the presence of boracic 
acid. Its specific gravity is 1.479. It has no odour, and 
its taste is-rather bitter than acid. It reddens litmus pa- 
per feebly, and effervesces with alkaline carbonates. From 
the weakness of its acid properties, all the borates, when in 
solution, are decomposed by the stronger acids. 

When hydrous boracic acid is exposed to a gradually in- 
creasing heat in a platinum crucible, its water of crystalliza- 
tion is wholly expelled, and a fused mass remains which bears 
a white heat without volatilizing. On cooling, it forms a hard, 
colourless, transparent glass, which is anhydrous boracic 
acid. If the water of crystallization be driven off by the sud- 
den application of a strong heat, a large quantity of boracic 
acid is carried away during the rapid escape of watery va- 
pour. ‘The same happens, though in.a less degree, when a 
solution of boracic acid in water is boiled briskly. Vitrified 
boracic acid. should be: preserved in’ well stopped vessels ; 
for if exposed to the air, it absorbs water, and gradually 
loses its transparency. Its specific gravity is 1.803. It is 
exceedingly fusible, and communicates this property to the 
substances with which it unites. | For this reason borax is of- 
ten used as a flux. 

The most obvious mode of estar the composition 
of boracic acid is to burn a known quantity of boron; and 
ascertain its increase of weight when the combustion ceases. 
This method, however, though apparently simple, is very 
difficult of execution ; for the boracic acid fuses'at the mo- 
ment of being generated, and by glazing the surface of the: 
unconsumed boron, protects it from oxidation, Hence it 
was that the experiments performed by Gay-Lussac and 
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Thénard on this subject, led to results widely different from 
those which Sir H. Davy obtained. by a similar process. Dr. 
Thomson, from data furnished partly by himself, and partly 
by Sir H. Davy, infers that the atomic weight of paren is 8, 
and that boracic acid is composed. of . 

Boron. ’ 8, or one atom, 
| Oxygen .. »- | 16, 0r two atoms: 
Consequently, the combining proportion of boracic acid is 24, 

Crystallized boracic acid, snniebe to the same chemist, 

is composed of 

Boracic acid sy 24, or one atom, | 

Water : 5. 18, or two atoms, . 


and therefore its atomic weight is 42, 


SECTION X. 
SELENIUM: 


Seventium has hitherto been found: in very small quantity. 
It occurs for the ‘most part in combination with sulphur in 
some kinds of iron pyrites, Stromeyer has also detected ‘it, 
as a sulphuret of selenium, among the volcanic products of 
the Lipari isles. It is found’ likewise at. Clausthal, in the 
Hartz mountains, combined, according to Stromeyer and 
Rose, with’ several metals, such as‘ lead, cobalt, silver, mer- 
cury, and copper. It was discovered. in 18]8 by Berzelius 
in the sulphur obtained. by sublimation from the iron pyrites 
of. Fahlun. . In a manufactory of sulphuric acid at which 
this sulphur was employed, it. was observed that a reddish- 
coloured matter always collected at the bottom of the leaden 
chamber ; and on burning this substance, Berzelius per- 
ceived a strong and peculiar odour, similar to that of decay- 
ed horse-radish, which induced him to submit it to'a careful 
examination, and thus led. to the discovery of selenium, * © 


* An, de Ch. et de Phys. vol. ix. or Annals of Philosophy vol. 13. 
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Selenium, at common temperatures, is a brittle opaque so- 
lid body, without taste or odour. It has a metallic lustre and 
the aspect of lead, when in mass 5 but is of a deep red colour 
when reduced to powder. Its specific gravity is between 4.3 
and 4.32. At 212° Fahrenheit-it softens, and is then so te- 
nacious that it may be drawn out into fine threads which are 
transparent, and appear red by transmitted light. It be- 
comes quite fluid at a temperature somewhat above that of 
boiling water. It boils at about 650° Fahrenheit, forming a 
vapour which has a deep yellow colour, but emitting no odour. 
It may be sublimed’ in close vessels without change, and con- 
denses again into dark globules of a metallic lustre, or as a 
cinnabar red powder, according as the space in which it col- 
lects is small or large. -Berzelius at first regarded it asa me- 

tal ; but, since it is a bad conductor of caloric and electricity, 
it more properly belongs to the class of the simple non-me- 
tallic bodies, 

Selenium is insoluble in water. It suffers no change from 
mere exposure to the atmosphere; but if heated in the open 
air, 1t combines readily with oxygen, and two compounds, the 
oxide and acid of selenium, are generated. If the experi- 
ment is made by throwing upon it the oxidizing part of the 
blow-pipe flame, it tinges the flame of a light-blue colour, 
and exhales so strong an odour of decayed horse-radish, that 
1-50th of a grain is said to be sufficient to scent the air of a 
large apartment. By this character the presence of selenium 
whether alone or in combination may always be detect- 
- ed. | 

Oxide of Selenitum.—This compound is formed in greatest 
abundance by heating selenium’ in a limited quantity of at- 
mospheric air, and crashing the product to separate the sele- 
nic acid. Itisa dolobvleds gas, which is very sparingly so- 
luble in water, and does not possess any acid properties, It 
is the cause of the peculiar odour which is emitted during 
the oxidation of selenium. Its composition has not been de- 
termined, but it Y pssee contains an atom of each of rt 
elements. : 

Stelenic Acid —Selenic acid is most conveniently prepared 
by digesting selenium in nitric or nitro-muriatic acid till it is 
completely dissolved. On evaporating the solution to dry- 
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ness, a white residue is left, which is selenic acid. By an in. 
crease of temperature, the acid itself sublimes, and condenses 
again unchanged into long four-sided needles. It attracts 
moisture from the air, whereby it suffers an imperfect lique- 
faction. It dissolves in alcohol and water. It has distinct 
acid properties, and its salts are called seleniates. 

Selenic acid is readily decomposed by all substances which 
have a strong affinity for oxygen, such as the sulphurous and 
phosphorous.acids. When sulphurous acid, or an alkaline 
sulphite, is added to a solution of selenic acid, a red-co- 
loured powder, pure selenium, is thrown down, and the sul- 
phurous passes into the sulphuric acid. Sulphuretted hy- 
drogen also decomposes it ; and an orange-yellow precipitate 
subsides, which is a sulphuret of selenium. 

The atomic weight of selenium, deduced chiefly from the 
experiments of Berzelius, is 40; and the selenic acid, accord- 
ing to the analysis of the same chemist, consists of 


Selenium FOF Di AT one atom. 
Oxygen : 16 J two atoms. 
56 


SECTION XI. 
CHLORINE. 


Tz discovery of chlorine was made in 1770 by Scheele 
while investigating the nature of manganese, and he describ. 
ed it under the name of dephlogisticated marine acid. The 
French chemists called it oxygenized muriatic acid, a term 
which was afterwards contracted to oxymuriatic acid, from an 
opinion proposed by Berthollet that it is a compound of muria. 
tic acid and oxygen, In 1809 Gay-Lussac and Thénard pub. 
lished an abstract of some experiments upon the subject, which 
subsequently appeared at length in their Recherches Physico- 
5 
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Chimiques, wherein they state that oxymuriatic acid might: 
be regarded as a simple body, though they gave the prefer- 
ence to the doctrine advanced by Berthollet.. Sir H. Davy 
engaged in the inquiry about the same time, and.after having 
exposed oxymuriatic acid to the most powerful decompos- 
ing agents which chemists possess, without being able to 
effect its decomposition, he communicated to the Royal 
Society a paper in which he denied its compound, nature 
and maintained that, according to the true Jogic of che- 
mistry, it is entitled to, rank. with simple bodies. This 
view, which is commonly termed;the new theory of chlorine, 
though strongly objected to at’ the time it was first proposed, 
is now almost universally received. by chemists, and accord- 
ingly is adopted in this work. The ‘grounds of preference 
will hereafter be briefly stated. . 

Chlorine gas is obtained by the action. of muriatic acid on 
the peroxide of manganese... The most convenient method 
of preparing it is by mixing concentrated muriatic acid, con- 
tained in a glass flask, with half its weight of finely powder- 
ed peroxide of manganese. An effervescence, owing to the 
escape of chlorine, takes place even in the cold; but the gas 
is evolved much more freely by the application of a moderate 
heat, It should be collected in inverted glass. bottles filled 
with warm water; and when the water is wholly displaced 
by the gas, the bottles should be closed with a well-ground 
glass stopper. 

Before explaining the theory of this process, it may be 
premised that muriatic acid consists of 36 parts or one atom 
of chlorine, and 1 part or one atom of hydrogen, ‘The pe- 
roxide of manganese, as already mentioned (pagef49,) is com- 
posed of 28 or one atom of manganese, and 16 or two atoms 
of.oxygen. | When these compounds’ react, on one another, 
one atom of each is decomposed... 'The peroxide of manganese 
gives one atom of oxygen to the hydrogen of the muriatic 
acid, in consequence of which one atom of water is generated, 
and one atom: of chlorine disengaged ; while the protoxide of 
manganese unites with an atom of undecomposed muriatic 
acid, and forms an-atom ‘of the muriate of the protoxide of 
manganese. . Consequently, for every 44 grains of the per- 
oxide of manganese, 74 (37 X 2) grains of muriatic acid dis- 
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appear ; and 86 chlorine, 9 water, and 73 protomuriate of | 
manganese, are the products of the decomposition. The af- 
finities which determine. these changes are the attraction of 
oxygen for hydrogen, and of the protoxide of manganese for 
muriatic acid. © 

When it is an object to prepare chlorine at the cheapest rate, 
as for the purposes of manufacture, the preceding process is 
modified in the following manner. Three parts of sea-salt 
are intimately mixed with one of the peroxide of manganese, 
and to this mixture two parts of sulphuric acid, diluted with 
an equal weight of water, are then added. By the action of 
sulphuric acid on sea-salt muriatic acid is disengaged, which 
reacts as in the former case upon the peroxide of manganese; 
so that, instead of adding muriatic acid directly to the man- 
ganese, the materials for forming it are employed. 

Chlorine * is a yellowish-green coloured gas, which has an 
astringent taste, and a disagreeable odour. It is one of the 
wost suffocating of the gases, exciting spasm and great irri- 
tation of the glottis, even when considerably diluted with air. 
When strongly and suddenly compressed, it emits both heat 
and light, a character which it possesses in common with 
oxygen gas. According to Sir H. Davy, 100 cubic inches 
of it at 60° F., and when the barometer stands at 30 inches, 
weigh between 76 and 77 grains. Dr. Thomson states its 
weight at 76.25 grains, and his result agrees very nearly with 
that. of Gay-Lussac and Thénard. Adopting this estimate, 
its specific gravity is 2.5. Under the pressure of about four 
atmospheres it is a limpid: liquid of a bright yellow colour, 
which’ does not freeze at the temperature of zero, and which 
assumes the’ gaseous form with the appearances of ebullition 
when the pressure is removed. 

Cold recently boiled water, at the common pressure, ab- 
sorbs twice its volume of chlorine, and yields it again when 
heated, The solution, which is made by passing a current 
of chlorine gas through cold water, has the colour, taste, and 
most of the other properties of the gas itself. When moist 
chlorine gas is exposed toa cold of 32° F., yellow crystals are 
formed, which consist of water and chlorine in definite pro- 


* From xAweos, green. 
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portions. They are composed, according to Mr. Faraday, of 
86 or one atom of chlorine to 90 or ten atoms of water. 

Chlorine experiences no chemical change from the action 
of the imponderables. Thus it is not affected chemically by 
intense heat, by strong shocks of electricity, or by a powerful 
galvanic battery. Sir H. Davy exposed it also to the action 
of charcoal heated to whiteness by galvanic electricity, with- 
out separating oxygen from it, or in any way affecting its 
nature. Light doesnot act on dry chlorine; but if water 
be present, the chlorine decomposes that liquid, unites with 
the hydrogen to form muriatic acid, and oxygen gas is set 
at liberty, This change takes place quickly in sunshine, 
more slowly in diffused day-light, and not at all when the 
light 1s wholly excluded. Hence the necessity of keeping 
moist chlorine gas, or its solution, in a dark place, if it is wish- 
ed to preserve it for any time. 

Chlorine is a supporter of combustion. If a lighted taper 
be plunged into chlorine gas, it burns with a small red flame, 
and emits a large quantity of smoke. Phosphorus takes fire 
m it spontaneously, and burns with a pale white light. Se- 
veral of the metals, such as tin, copper, arsenic, antimony, 
and zinc, when introduced into chlorine in the state of pow- 
der or in fine leaves, are suddenly inflamed. In all these 
cases the combustible substances unite with chlorine. 

Chlorine has a very powerful attraction for hydrogen; and 
many of the chemical phenomena to which chlorine gives 
rise, are owing to this property. A striking example is its 
power of decomposing water by the action of light, or at a 
red heat; and most compound substances, of which hydro. 
gen is an element, are deprived of that principle, and 
therefore decomposed in like manner. For the same rea- 
son, when chlorine, water, and some other body, which 
has a strong affinity for oxygen, are presented to one an- 
other, the water is resolved into its elements, the hydrogen 
attaches itself to the chlorine, and the oxygen to the other 
body. Hence it happens that chlorine is indirectly one of 
the most powerful oxidizing agents which we possess. 

When any compound of chlorine and an inflammable is 
exposed to the influence of galvanism, the inflammable body 
goes over to the negative, and the chlorine to the positive 
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pole of the battery.. This establishes a close analogy between 
oxygen and chlorine, both of them being supporters of com. 
bustion, and both negative electrics, 


- Chlorine, though formerly called an acid, possesses no acid ‘ 


properties, It has not a sour taste, does not redden the blue 


colour of plants, and shows little disposition to unite with 
alkalies. Its strong affinity for the metals is sufficient to 
prove that it is not an acid ; for chemists are not acquainted 
with any instance of direct combination between an acid and 
a metal. 

The mutual action of chlorine and the pure alkalies leads 
to complicated changes, If chlorine gas is passed into a so- 
lution of potash till all alkaline reaction ceases, a liquid is 
obtained which has the odour of a solution of chlorine in wa- 
ter. But on applying heat, the chlorine disappears entirely, 


and the solution is found. to contain two neutral salts, the |! 


chlorate and muriate of potash, The production of the two 
acids is owing to the decomposition of water, the elements of 
which unite with separate portions of chlorine, and form the 
chloric and muriatic acids, The affinities which give rise to 
this change, are the attraction of chlorine for hydrogen, of 
chlorine for se) a and of the two resulting acids for the 
alkali. 

One of the most important properties of chlorine is its 
bleaching power. All animal and vegetable colours are 
speedily removed by chlorine; and when the colour is once 
discharged, it can never be restored. Sir H. Davy proved 
that chlorine cannot bleach unless water is present. Thus, 
dry litmus paper suffers no change in dry chlorine ; but when 
water is admitted, the colour speedily disappears. It is well 
known also, that muriatic acid is always generated when 
chlorine bleaches. From these facts it is inferred that water 
is decomposed during the process; that its hydrogen unites 
with chlorine ; and that the decomposition of the colouring 


Kenn a 


matter is occasioned by the oxygen which is liberated. The — 


bleaching property of the deutoxide of hydrogen, of which 
oxygen is certainly the decolorizing principle, leaves little 
doubt of the accuracy of the foregoing explanation, 

Chlorine is useful, likewise, for the purposes of fumigation, 
The experience of Guyton-Morveau is sufficient evidence of 
its power in destroying the volatile principles given off by pu- 
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trefying animal] matter ; and it probably acts in a similar way 
on contagious effluvia. 

Chlorine is in general easily recognised by its colour and 
odour. Chemically it may be detected by its bleaching pro- 
perty, added to the circumstance that a solution of the nitrate 


of silver occasions in it a dense white precipitate (a compound 


of chlorine and metallic silver), which becomes dark on ex- 
posure to light, is insoluble in acids, and dissolves reinthi: 
in pure ammonia. 

The compounds of chlorine, which are not acid, are term- 
ed chlorides or chlorurets. 'The former expression is per- 
haps the more appropriate, from the analogy between chlo- 
rine and oxygen. 

COMPOUND OF CHLORINE AND HYDROGEN,—MURIATIC ACID 
4 Gas.* 


Muriatic or hydrochloric acid gas was discovered by Peicats 
ley in 1772. It may be conveniently prepared by putting an 
ounce of the strong muriatic acid of the pharmacopoeia into a 
glass flask, and heating it by means of a lamp till the liquid 
boils. Pure muriatic acid gas is freely evolved, and may be 
collected over mercury. Another method of preparing it is 
by the action of concentrated sulphuric acid on an equal 
weight of sea-salt. A brisk effervescence ensues at the mo- 
ment of making the mixture, and on the application of heat a 
large quantity of muriatic acid gas is disengaged. In the first 
process, muriatic acid, previously dissolved in water, 1s simply 
expelled from the solution by an increased temperature. The 
explanation of the second process is rather more complicated, 
Sea-salt was formerly supposed. to be a compound of muriatic 
acid and soda; and, on this supposition, the soda was believ- 
ed merely to quit the muriatic and unite with the sulphuric 
acid. But according to the experiments of Gay-Lussac and 
'’hénard and Sir H. Davy, sea-salt in its dry state consists, 


* [ have here deviated slightly from my arrangement. I have done so, be- 
cause it will facilitate the study of the compounds of chlorine-with the simple 
non-metallic bodies, to describe them in the same section. Iodine, for a like 
reson, will be treated in a similar manner. ad) 


CHLORINE. 239. 


not of muriatic acid and soda, but of chlorine and sodium, the 
metallic base of soda. The proportion of its constituents are 
-. Chlorine 36 , 1 atom, 
Sodium 24 ‘ 1 atom. 
When sulphuric acid is added to it, one atom of water is re- 
solved into its elements; the hydrogen unites with chlorine, 
forming muriatic acid, which escapes in the form: of gas; 
while soda is generated by the combination of the oxygen with 
sodium, which combines with the sulphuric acid, and forms 
sulphate of soda. ‘The water contained in the liquid sul- 
phuric acid is therefore essential to the success of the opera- 
tion. _The affinities which determine the change are the at- 
traction of chlorine for hydrogen, of re pec for oxygen, and 
of soda for sulphuric acid. 

. Muriatic acid may be generated by the direct union of its 
estictia When equal measures of chlorine and hydrogen 
are mixed together, and an electric spark is passed through 
the mixture, instantaneous combination takes place, heat and 
light are emitted, and muriatic acid is generated. A similar 
effect is produced by flame, by a red-hot body, and by spongy 
platinum. Light also causes them to unite. A mixture of 
the two gases may be preserved without change in a dark: 
place ; but if exposed to the diffused light of day, a gradual 
combination ensues, and is completed in the course of 
24, hours. The direct solar rays produce, like flame or elec- 
tricity, a sudden inflammation of the whole mixture, accom- 
panied with an explosion; and, according to Mr. Brande, 
the vivid light emitted by. aitaxedal intensely heated by galva- 
nic electricity acts in a similar manner. : 

The experiments of Davy and Gay-Lussae and Thénard 
concur in proving that hydrogen and chlorine unite in equal 
volumes, and that the muriatic acid, which is the sole and 
constant, product, occupies the same space as the gases from 
which it is formed. From these facts the Cppiea ont of mus: 
riatic acid is neUy. inferred. For, as 


Grains. 


50 Cubic inches of ap Ree weigh é 38.125 
and 50» Hydrogen : . 1.059. 


100 Cubic inches of Muriatic acid gas must 
weigh ‘ 4 ‘ » 39.184 
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Its specific gravity, therefore, is 1.2847. _ By weight it con- 
sists of | | 
' Chlorine ‘ 38.125 . 36 

Hydrogen .. 1,059 j 1 


Since chlorine and hydrogen unite in one proportion only, 
chemists regard muriatic acid as a compound of one atom of 
each of its elements, a conclusion which is fully justified by the 
proportions in which chlorine and hydrogen unite with other 
bodies. Hence, 36 is the weight of one atom of chlorine, and 
37 of muriatic acid. 

Muriatic acid is a colourless gas, of a pungent odour, and 
acid taste. Under a pressure of 40 atmospheres, and at the 
temperature of 50° F. it is liquid. . It is quite irrespirable, 
exciting violent spasm of the glottis; but when diluted with 
air, it is far less irritating than chlorme. All burning bodies: 
are extinguished by it, and the gas itself does not take fire on 
the approach of flame. 

. Muriatic acid gas is not chemically changed by mere heat. 
It is readily decomposed by galvanism, hydrogen appearing at 
the negative, and chlorine at the positive pole. It is also de- 
composed by ordinary electricity. The decomposition, how- 
ever, 1s incomplete ; for though one electric spark resolves a 
portion of the gas into its elements, the next shock in a great 
measure effects their reunion. It is not affected by oxygen 
under common circumstances ; but if a mixture of oxygen and 
muriatic acid gases is electrified, the oxygen unites with the 
hydrogen of the muriatic acid to form water, and chlorine is 
set at liberty. For this and the preceding fact we*are in- 
debted to the researches of Dr. Henry. 

One of the most striking properties of muriatic acid gas is 
its powerful attraction for water. A dense white cloud ap- 
pears whenever muriatic acid escapes into the air, owing to a 
combination which takes place between the acid and watery 
vapour. When a piece of. ice is. put into a jar full of the 
gas confined over mercury, the ice liquefies on the instant, 
and the whole of the gas disappears in the course of a few se- 
conds. On opening a long wide jar of muriatic acid gas un- 
der water, the absorption of the gas takes place so instanta- 
neously, that the water is forced up into the jar with the 
same violence as into a. vacuum, 
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A. concentrated solution of muriatic acid gas in water has 
long been known under the names of sperit of salé, and of ma- 
rine or muriatic acid. tis made by passing a current of gas 
into water as long as any of it is absorbed. A considerable 
increase of temperature takes place during the absorption, 
and therefore the apparatus should be kept cool by ice. Sir 
H. Davy states (Elements, p. 252.) that water at the tem- 
perature of 40° F. absorbs 480 times its volume of the gas, 
and that the solution has a density of 1.2109. Dr. ‘Thomson 
finds that one cubic inch of water at 69° F. absorbs 418 cubic 
inches of gas, and occupies- the space of 1.34 cubic inch. 
The solution has a density of 1.1958, and one cubic inch of 
it contains 311.04 cubic inches of muriatic acid gas. The 
quantity of real acid contained in solutions of different den- 
sities may be determined by ascertaining the quantity of pure 
marble dissolved by a given weight of each. Every 50 grains 
of marble correspond to 37 of real acid. ‘The following table 
from Dr. Thomson’s “Principles of Chemistry,” is construct- 
ed by this rule. The first and second columns show the ato- 
mic constitution of each acid. 


Table exhibiting the specific gravity of Muriatic Acid of 
determinate strengths. 


Atoms of Aiciisof Real acid in 100 Specific} 
Acid | water | of the liquid |Gravity 


fk fh tft faa peel at et pe et et eet et et 


242 CHLORINE. 


All the Pharmacopoeias give directions for forming muria- 
tic acid. ‘The process recommended by the Edinburgh Col- 
lege is practically good. The proportions they recommend are 
equal weights of sea-salt, water, and sulphuric acid, more acid 
being purposely employed than is sufficient to form a neutral 
sulphate with the soda, so that the more perfect decomposition 
of the sea salt may be insured. ‘The acid, to prevent too vio-. 
lent an effervescence at first, is mixed with one-third of the wa-’ 
ter, and when the mixture has cooled, it is poured upon the salt: 
previously introduced into a glass retort. The distillation. 
is continued to dryness ; and the gas, as it escapes, is con-. 
ducted into the remainder of the water. The theory of the 
process has already been explained. The residue is a mix- 
ture of the sulphate and bi-sulphate of soda. The specific 
gravity of muriatic acid obtained by this process, is 1.170. : 

The common muriatic acid of commerce has a yellow co- 
lour, and is always impure. The usual impurities are nitric 
acid, sulphuric acid, and oxide of iron. The presence of ni- 
tric acid may be inferred if the muriatic acid has the proper- 
ty of dissolving gold leaf. Iron may be detected. by the fer- 
rocyanate of potassa, and the sulphuric acid by muriate of 
baryta, the suspected muriatic acid being previously diluted 
with three or four parts of water. To provide against the 
presence of nitric acid, the sea-salt is first ignited, as recom- 
mended by the Edinburgh College, to decompose any nitre 
which it may contain. ‘The other impurities may be avoided 
by employing a Woulfe’s Apparatus. A few drachms of wa- 
ter are put into the first bottle, to retain the muriate of iron 
and sulphuric acid which pass over, and tHe muriatic acid gas 
is condensed in the second, 

Pure concentrated muriatic acid is a BL a liquid, 
which emits white vapours when exposed to the air, is in- 
tensely sour, reddens litmus paper strongly, and unites with 
alkalies. It combines with water in every proportion, and 
causes an increase of temperature when mixed with it, though 
in a much less degree than sulphuric acid. It freezes at 
—60° F ; and boils at 110° F, or a little higher, giving off 
pure muriatic acid gas in large quantity. 

Muriatic acid is decomposed by substances which yield 
oxygen readily. Thus several peroxides, such as those of 
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manganese, cobalt, and lead, effect itsdecomposition. Chloric 
and iodic acids act on the same principle. The action of ni- 
tric acid is illustrative of the same circumstance. A mixture 
of nitric and muriatic acids, inthe proportion of one measure 
of the former to two of the latter, has long been known un- 
der the name of Aqua regia asa solvent for gold and plati- 
num. When these acids are mixed together, the solution 
instantly becomes yellow ; and on heating the mixture, pure 
chlorine ig evolved, and the colour of the solution: deepens! 
On continuing the heat, chlorine and nitrous acid vapours are 
disengaged. At length the evolution of chlorine ceases, and’ 
the residual liquid is found to be a solution’ of’ muriatic and’ 
nitrous acids, which is incapable of dissolving gold. ' The! 
explanation of these facts is, (Sir H. Davy in ‘ie Quarterly’ 
Journal vol. 1.) that nitric and muriatic acids decompose one 
another, giving rise to the production of water and nitrous 
acid, and the separation of chlorine; while muriatic and ni- 
trous acids may be heated together without mutual decom- 
position. It is hence inferred that the power of nitro-muriatic 
acid in dissolving gold is org to the chlorine which is s li 
berated. 

Muriatic acid is readily distinguished by its odour, by 
acting on a solution of the nitrate of silver in the same man- 
ner as chlorine, and by He ap sana of bleaching properties. 


COMPOUNDS " CHLORINE AND OXYGEN. 


Chlorine unites with oxygen in four different proportions. 
The leading character of these compounds is derived from the 
circumstance that chlorine and oxygen, the attraction of which 
for most elementary substances is so energetic, have but a 
feeble affinity for one another. These principles, conse- 
quently, are never met with in nature in a state of combina- 
tion. Indeed, they cannot be made to combine directly ; 
and when they do unite, very slight causes effect their sepa-’ 
ration. Notwithstanding this, their union is always regulat- 
ed by the law of definite proportions, as appears from the fol- 
lowing tabular view of the constitution of the compounds to 
which they give rise.* 


* Note by Gay-Lussac in the 9th eunil of the An. de Ch. et de Phiys Rigas 
R 
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. Chlorine. Oxygen, 
Protoxide of Chlorine 36 ‘ : He A 
Peroxide of Chlorine 36 Si BOE 
Chloric acid ; 36 Pte Kier 
Perchloric acid 36 ans etre, 


Protoxide of Chlorine.—This gas was discovered in 1811 
by Sir H. Davy, and was described by him in the Philoso- 
phical Transactions for that year under the name of Ewuchlo- 
rine. It is made by the action of muriatic acid on the chlo- 
rate of potassa; and its production is explicable on the fact, 
that muriatic and chloric acids mutually decompose each 
other. When muriatic acid and chlorate of potassa are mix- 
ed together, a part of the muriatic acid unites with the po- 
tassa of the salt, and thus sets chloric acid free, which in- 
stantly reacts on the free muriatic acid. The result of the 
reaction depends on the manner in which the operation is 
conducted. Ifthe chlorate of potassa is mixed with an ex- 
cess of concentrated muriatic acid, the chloric acid under- 
goes complete decomposition. For one atom of the chloric, 
five atoms of muriatic acid are decomposed: the five atoms 
of oxygen contained in the former unite with the hydrogen 
of the latter, producing five atoms of water; while the chlo- 
rine of both acids is disengaged. If, on the contrary, the 
salt is in excess, and the muriatic acid diluted, the chloric 
acid is deprived of a part of its oxygen only; and the pro- 
ducts are water, protoxide of chlorine, and chlorine, the two 
latter escaping in the gaseous form, From the proportion 
of these gases, I apprehend that for each atom of the chloric, 
three of muriatic acid must be decomposed; and that by the 
reaction of their elements, they yield three atoms of water, 
two of pure chlorine, and two of the protoxide of chlorine. ___ 

The best proportion. of the ingredients for forming this 
compound is two parts of the chlorate of potassa, one of 
strong muriatic acid, and one of water. Effervescence en- 
sues on the application of a gentle heat, and the gases should 
be collected over mercury. The chlorine combines with the 
mercury, and the protoxide of chlorine is left. 

The protoxide of chlorine has a yellowish-green colour 
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similar to that of chlorine, but ‘considerably more. brilliant, 
. which induced Sir: H. Davy to give it the name of euchlo- 
rine, Its odour is like that of burned sugar. Water dis- 
solves eight or ten times its volume of the gas, and acquires 
a colour approaching to orange. It bleaches vegetable sub- 
stances, but gives the blue colours a tint of red before de- 
stroying them. It does not unite with alkalies, and there- 
fore is not an acid. 

The protoxide of chlorine is explosive in a high degree. 
The heat of the hand, or the pressure occasioned in trans- 
ferring it from one vessel to another, sometimes causes an ex- 
plosion. This effect 1s) also occasioned by phosphorus, 
which bursts into flame at the moment of immersion. All 
burning bodies, by their heat, occasion an explosion, and 
then burn vividly in the decomposed gas. With hydrogen 
it forms'a mixture which explodes by flame or the electric 
spark, with production of water and muriatic acid. The 
best proportion is 50 measures of the protoxide of chlorine to 
80 of hydrogen. 

The protoxide of hydrogen is easily analyzed by heating 
a known quantity of it in a strong tube over mercury. An 
explosion takes place ; and 50 of the gas expand to sixty 
measures, 20 of which are oxygen, and 40 chlorine. The 
specific gravity of a gas so constituted must be 2.444, and its 
composition by weight is, chlorme 36 4 oxygen 8. The 
weight of its atom is consequently 44, 

Pepomiils of Chlorine—The peroxide of chloFias was 
discovered in 1815 ‘by Sir H. Davy, * and soon after by 
Count Stadion of Vienna. It isformed by the action of sul- 
phuric acid on the chlorate of potassa. A quantity of’ this 
salt, not exceeding 50 or 60 grains, is reduced to powder, 
and made into a paste by the addition of strong sulphuric 
acid. ‘The mixture, which acquires a deep yellow colour, is 
placed ina glass retort, and is heated by warm water, the 
temperature of which is kept under 212° F. A bright yel- 
lowish-green gas of ‘a still richer colour than ‘the protoxide 
of chlorine is disengaged, which has an aromatic odour with- 
out any smell of chlorine, is absorbed rapidly by water, to 


* Philosophical Transactions for 1815. 
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which it communicates its tint; and has no sensible action on 
mercury. ‘This gas is the peroxide of chlorine. | 

The chemical changes which take place in the process are 
explained in the following manner. The sulphuric acid de- 
composes some of the chlorate of potassa, and sets chloric acid 
at liberty. The chloric acid, at the moment of separation, re- 
solves itself into peroxide of chlorine and oxygen; the last of 
which, instead of escaping as free oxygen. gas, goes over to 
the acid of some undecomposed chlorate of potassa, and con-- 
verts it into perchloric acid: The whole products are bisul- 
phate and perchlorate of potassa, and peroxide of chlorine. 
It is most probable, from the data contained in the preceding 
table, that every three atoms of chloric acid yield one atom of 
the perchloric acid and two atoms of the peroxide of chlorine. 

The peroxide of chlorine does not unite with alkalies. It 
destroys most vegetable blue coiours without previously red. 
dening them. Phosphorus takes fire when introduced into 
it, and occasions an explosion. It explodes violently when 
heated to a temperature of 212° F., emits a strong light, and 
undergoes a greater expansion than the protoxide of chlo- 
rine. According to Sir H. Davy, whose result is confirmed by 
Gay-Lussac, 40 measures of the gas occupy the space of 60 
measures after the explosion; and of these, 20 are. chlorine 
and 40 oxygen. The peroxide is therefore composed of 36, 
or one atom of chlorine united with 32 or four atoms of oxy- 
gen. Its specific gravity must be 2.361. 

Chioric acid.—When to a dilute solution ‘of the chlorate 
of baryta a quantity of weak sulphuric acid, exactly suffi- 
cient for combining with the baryta, is added, the insoluble 
sulphate of baryta subsides, and pure chloric acid remains in 
the hquid. ‘This acid, the existence of which was originally 
observed by Mr. Chenevix, was first’ obtained in a separate 
state by Gay-Lussac. 

Chloric acid, reddens vegetable blue colour, has a sour 
taste, and forms neutral salts, called chlorates, (formerly hy- 
peroxymuriates) with alkaline bases. It possesses,{.o bleach- 
ing properties, a circumstance by which it is dis:jnguished 
from chlorine. It gives:no precipitate in solution of nitrate 
of silver, and hence cannot be mistaken for muriatic acid. 
Its solution may be concentrated by a gentle heat till it ac- 
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quires an oily consistence: without decomposition ;, but at,a 
higher temperature; the acid in part.is volatilized: unchanged, 
while another portion is converted into chlorine and oxygen. 
It is easily decomposed by. deoxidizing agents... Sulphurous 
acid, for instance, deprives it of oxygen, with formation, of 
sulphuric acid and evolution of chlorine... By the action of 
sulphuretted hydrogen, water is generated, while sulphur and 
chlorine are set free... The power of muriatic! acid, in, effect- 
ing its decomposition has already been, explained... | 

Chloric acid is readily known by forming a salt with potassa, 
which: crystallizes in tables, and has a pearly, lustre, which 
deflagrates like nitre when flung on, burning. charcoal, and 
yields the peroxide of chlorine by the action of concentrated 
sulphuric acid. The chlorate of potassa, like most, of the 
chlorates, gives off pure oxygen when heated to redness, and 
leaves a residue of the chloride of potassium, . This was. the 
mode by which Gay-Lussac ascertained the composition of 
chlori¢ acid, as stated in ithe table. (Annales de Cangas, vol. 
xcel.)» oxi 
iPeeoblont acid. The saline: matter which, remains. in ‘he 
retort after forming the peroxide of chlorine, isa mixture of 
the perchlorate: and bisulphate of potassa,..and by, washing 
it with cold water, the bisulphate is dissolved, and the perchlo- 
rate is left. | The perchloric acid may be prepared, from this 
salt. by mixing it in.a retort with half its weight of sulphuric 
acid, diluted with one-third of water, and applying heat. to 
the mixture. . At the temperature of about 284° F. white va- 
pours rise, which condense asa colourless liquid. in. the. re- 
ceiver.» ‘This is a solution of the perchloric acid. 

The properties of the perchloric acid. have. hitherto: ie 
little. examined. .Count Stadion,* its discoverer, found. it., to 
be a compound of one atom, or 36 of chlorine to 56 or;seven 
atoms of oxygen; and his analysis. has been confirmed, by 


Gay-Lussac.+ 
«) CHLORIDE OF NITROGEN... § |) 1): ‘ 
The mutual. affinity of chlorine and nitrogen is very slight ; 


* Annales de Ch. et de Physique, vol. viii, t Ibid. vol..ix. 
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they do not combine at all if presented to each other in’ their 
gaseous form; and when combined, they. are easily separat- 
ed.. The chloride of nitrogen is formed by the action of 
chlorine on some salt of ammonia. Its formation is owing to 
the decomposition of ammonia (a compound of hydrogen and 
nitrogen) by chlorine. ‘The hydrogen of the ammonia unites 
with chlorine, and forms muriatic acid ; while the nitrogen of 
the ammonia, being presented in its nascent state to chlo- 
rine, dissolved in the solution, enters into combination with 
it. 

A convenient method of preparing the chloride of nitrogen 
is the following. An ounce of muriate of ammonia is dis- 
solved in twelve or sixteen ounces of hot water; and when 
the solution has cooled to the temperature of 90° F., a glass 
bottle, with a wide mouth, full of chlorine, is inverted in it. 
The solution gradually absorbs the chlorine, and acquires a 
yellow colour; andin about twenty minutes, or half an hour, 
minute globules of a yellow fluid are seen floating like oil 
upon its surface, which, after acquiring the size of a small 
pea, sink to the bottom of the liquid? The drops of the 
chloride of nitrogen, as they descend, should be collected ina 
small saucer of lead, placed for that purpose under the mouth 
of the bottle. 

The chloride of nitrogen, discovered in 1811 by M. Du- 
Tong, (An. de Chimie, vol. lxxxvi.) is one of the most explosive 
compounds yet known, having been the cause of serious ac- 
cidents both to its discoverer wie to Sir H. Davy.* Its spe- 
cific gravity is 1.653. It does not congeal by the intense cold 
produced by-a mixture of snow and sail, It may be distilled 
at 160° F.; but at a temperature between 200° and 212° F. 
it explodes. It appears from the investigation of Messrs. 
Porrett, Wilson, and Kirk,+- that mere contact with some 
substances of a combustible nature cause detonation even 
at common temperatures. ‘This property belongs particular- 
ly to the oils, both volatile and fixed. I have never known 
olive oil fail in producing the effect. The products of the 
explosion are chlorine and nitrogen. 


Sir H,. Davy analyzed the chloride of nitrogen by means 


* Philosophical Transactions, 1813. + Nicholson’s, Journal, vol. xxxiv. 
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of mercury, which unites with the chlorine; and liberates the 
nitrogen. He inferred from his analysis that its elements 
are united in the proportion of four measures of chlorine to 
one of nitrogen ; and it hence follows that, by wise it con- 
sists of | te : 
Chlorine. 144° ©. or four atoms. 
Nitrogen ‘ 14 . * or one atom. 


COMPOUNDS OF CHLORINE AND CARBON.—PERCHLORIDE OF 
CARBON. 


For the knowledge of the compounds of chlorine and car 
bon, chemists are indebted to the ingenuity of Mr. Faraday. 
When olefiant gas (a compound of carbon and hydrogen) is 
mixed with chlorine, combination ‘takes: place between them, 
and an oily-like liquid is generated, which consists of chlo- 
rine, carbon, and hydrogen. On exposing this liquid in a 
vessel full of chlorine gas to the direct solar rays, the chlo- 
rine acts upon and decomposes the liquid, muriatic acid is set 
free, and the carbon, at the moment of separation, unites with 
chlorine.* 

The perchloride of carbon, as this compound is named by 
_Mr. Faraday, is solid at common temperatures, has an aro- 
matic odour approaching to that of camphor, is a non-con- 
ductor of electricity, and refracts light very powerfully. Its 
specific gravity is exactly double that of water. It fuses at 
320° ¥’., and after fusion it is colourless and very transparent. 
It boils at 360° F., and may be distilled without change, as- 
suming a crystalline arrangement as it condenses. It is spar- 
ingly soluble in water, but dissolves im alcohol and ether, es- 
pecially by the aid of ‘heat.’ It is soluble also in fixed and 
volatile oils, : 

The perchloride of carbon burns with a red light when 
held in the flame of a spirit-lamp, giving out acid vapours 
and smoke; but the combustion ceases as soon as it is with- 
_ drawn. It burns vividly in oxygen gas. Alkalies do not 
act upon it; nor is it changed by the stronger acids, such as 


* The reader will find the details of this process in the Philosophical Trans- 
actions for 1821, or in the second volume, N. 8. of the Annals of Philosophy. 
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the muriatic, nitric, or sulphuric acids, even with the-aid of 
heat ; charcoal. is separated, and muriatic acid gas is evolved. 
On passing its vapour over the peroxides of metals, such as 
those of mercury and copper, heated to redness, a chloride 
of the metal and carbonic acid are generated. Protoxides, 
under the same treatment, yield carbonic oxide gas and a 
metallic chloride. Most of the metals decompose it also at 
the temperature of ignition, uniting with the chlorine, and 
causing a deposition of charcoal. 

From the proportions of chlorine and olefiant gas employed 
in forming the perchloride of carbon, and from its analysis, 
made by passing it over the peroxide of copper at the temper- 
ature of ignition, Mr.. Faraday infers that this compound 
consists of 

Chlorine ‘ 108 . _ or three atoms. 
Carbon , 12. or two atoms. 


Protochloride of carbon.—When the vapour of the perchlo- 
ride of carbon is passed through a red-hot glass or porcelain 
tube, containing fragments of rock crystal to increase the ex- 
tent of heated surface, a partial decomposition takes place; 
chlorine gas escapes, and a fluid passes over which Mr, Fa- 
raday calls the protochloride of carbon. | 

The protochloride of carbon is a limpid colourless fluid, 
which does not congeal at zero of Fahrenheit, and at. 160° or 
170° F. is converted into vapour, It may be distilled repeat- 
edly without change; but when exposed to a red heat some 
of it is resolved into its elements. Its specific gravity is 1.5526. 
In its chemical relations it is very analogous to the perchlo- 
ride of carbon. Mr. Faraday analyzed it. by passing its va- 
pour over ignited peroxide of copper, and infers from the 
products of its decomposition—carbonic acid and chloride of 
copper—that it is composed of 


Chlorine , . ... 86....° or one. atom. 
Carbon ws 6  .. or one atom. 


A third compound of chlorine and carbon is described in 
the first volume, New Series, of the Annals of Philosophy. 
It was brought from Sweden by M. Julin,. and is. said to 


oe 
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have been formed: during: the distillation of nitric acid from 
crude nitre, and sulphate of iron. It occurs in small, soft, 
adhesive fibres of a white colour, which have a peculiar odour, 
somewhat resembling spermaceti. It fuses on the applica- 
tion of heat, and boils at a temperature between 350° and 
450° F. At 250° F. it sublimes slowly, and condenses again 
in the form of long needles. It is insoluble in water, acids, 
and alkalies; but is dissolved by hot oil of turpentine or by 
alcohol, and forms acicular crystals as the solution cools... It 
burns with a red flame, emitting much smoke, and fumes 
of muriatic acid gas. 

The nature “i this substance is shown by the following 
circumstances. When its vapour is exposed to a red heat, 
an evolution of chlorine gas ensues, and charcoal is deposit- 
ed. A similar deposition of charcoal is produced by heating 
it with phosphorus, iron, or tin, and a chloride.is formed at 
the same time. Potassium burns vividly in its vapour, with 
formation of the chloride of potassium, and separation of 
charcoal. On detonating-a mixture of its vapour with oxy- 
gen gas over mercury, a chloride of that metal and carbonic 
acid are generated. From these facts, the greater part of 
which were ascertained by Messrs. Phillips and Faraday, * 
it follows that the substance brought from Sweden. by M. 
Julin is a compound of chlorine spock carbon ; and the same 
able chemists conclude from their analysis that its elements 
are united in the proportion of 

Chlorine . |. 36, or one > atom. 
Carbon . . 12, or two atoms, 


CHLORIDE OF SULPHUR. 


The Chloride of Sulphur was discovered in 1804. by Dr. 
Thomson, + and was afterwards examined. by Berthollet. { 
It is most, conveniently prepared. by passing a ‘current of 
chlorine gas over flowers of sulphur gently heated... Direct 
combination takes place, and the product is obtained under 


* Annals of Philosophy, second vol. N.S. p. 150.. 
¢ Nicholson’s Journal, vol. vi. 
¢ Mémoires d’Arcueil, vol. i. 
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the form of a liquid which appears red by reflected, and yel- 
lowish-green by transmitted light. Its density is.1.6. It is 
volatile below 200° F. and condenses again without change 
in cooling. It emits acrid. fumes when exposed to the air, 
which irritate the eyes powerfully, and have an odour some- 
what resembling sea-weed, but much stronger. Dry lit- 
mus paper is not reddened by it, nor does it unite with alka- 
lies. It acts with energy on water ;—mutual decomposition 
ensues, the water becomes cloudy from deposition of sulphur, 
and a solution is obtained, in which muriatic, sulphurous, and 
sulphuric acids, may be detected. Similar phenomena ensue 
when it is mixed with alcohol or ether. 

Sir H. Davy concludes from his experiments, (Elements, 
p- 280,) that the chloride of sulphur is composed of thirty 
parts of sulphur, and 68.4 of chlorine. This proportion 
leaves little doubt of its being a compound of 36, or one 
atom of chlorine, and of 16, or one atom of sulphur. 


COMPOUNDS OF CHLORINE AND PHOSPHORUS. 


There are two definite compounds of chlorine and phos- 
phorus, the nature of which was first satisfactorily explained 
by Sir H. Davy. (Elements, p. 290.) When phosphorus is 
introduced into a jar of dry chlorine, it inflames, and a white 
matter collects on the inside of the vessel, which is the per- 
chloride of phosphorus. It is very volatile, a temperature 
much below 212° F. being sufficient to convert it into va- 
pour. Under pressure it may be fused, and yields transpa- 
rent prismatic crystals in cooling. 

Water, and the perchloride of phosphorus mutually de- 
compose each other; and the sole products are muriatic and 
phosphoric acids. ‘The nature of the change will be appa- 
rent as soon as the composition of the perchloride is known. 
Sir H. Davy finds that one grain of phosphorus unites with 
six of chlorine when it is burned in that gas; and hence it fol- 
lows that the perchloride consists of 

Chlorine 72, or two atoms. 

Phosphorus 12, or one atom. 
Consequently, for every atom of the perchloride of phospho- 
rus, two atoms of water suffer decomposition. The two atoms 


of hydrogen unite with the two atoms of chlorine, and form 
3 
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two atoms of muriatic acid; while the two atoms of oxygen 
combine with the one atom of Lcasomnpnee and convert it ins 
to phosphoric acid. 

'> The protochloride of phosphorus may be made either by 
heating the perchloride with phosphorus, or by passing the 
vapour of phosphorus over corrosive sublimate contained ina 
glass tube. It is a clear liquid like water, which is compos- 
ed, according to Sir H. Davy, of thirty-six parts or one:atom of 
chlorine, and twelve parts or one atom of phosphorus. Its spe- 
cific gravity is 1.45. It emits acid fumes when exposed tothe 
air, owing to the decomposition of watery vapour; but. when 
pure it does not redden.dry litmus paper. Om mixing it with 
water, mutual decomposition ensues, heat is evolved, and a 
solution of muriatic and phosphorous acids is obtained. In 
this case, one atom of water is decomposed for each atom of 


the protochloride. 


CHLOROCARBONTC ACID GAS, 


This compound was discovered in 1812 by Dr. John Davy, 
who described it in the Philosophical Transactions for that 
year, under the name of phosgene gas.* It 1s made by ex- 
posing a mixture of equal measures of dry chlorine and car- 
bonic oxide gases to sunshine, when a rapid but. silent com- 
bination ensues, and. they contract to one half their volume. 
The diffused day-light also effects their union slowly ; but 
they do not combine at all when the mixture is wholly ex- 
cluded from the light. 

The chlorocarbonic acid gas is colourless, has a strong 
odour, and reddens dry litmus paper. It combines with four 
times its volume of ammoniacal gas, forming a white solid 
~ salt; so that it possesses the characteristic property of acids. 
It is decomposed by contact with water. One atom of each 
compound undergoes decomposition ; and as the hydrogen of 
the water unites with chlorine, and its oxygen with carbonic 
oxide, the products are carbonic and muriatic acids. When 
tin is heated in chlorocarbonic acid gas, the chloride of tin is 
generated, and carbonic oxide gas is set free, which occupies 


* From gas light and yaw I produce, 
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exactly the same space as the chlorocarbonic acid which was 
employed. A similar change occurs when it is heated in 
contact with antimony, zinc, or arsenic. 4 

As chlorocarbonic acid gas contains its own volume of 
both its constituents, it follows that 100 cubic inches of that 
gas, at the standard temperature and pressure, must weigh 
105.9 grains; namely, 76.25 of chlorine added to 29.65 of 
carbonic oxide. Its specific gravity is therefore 3.4721 ; 
and it is composed, atemically, of 


Chlorine f 36 ‘ or one atom. 
Carbonic oxide . 14 : or one atom. 


ON THE NATURE OF CHLORINE. 


The change of opinion which has gradually taken place 
among chemists concerning the nature of chlorine, is a re- 
markable fact in the history of the science. ‘The hypothesis 
of Berthollet, unfounded as it is, prevailed at one time unt- 
versally. It-explained phenomena so satisfactorily, and in a 
manner so consistent with the received chemical doctrine, 
that for some years no. one thought of calling its correctness 
into question. A singular reverse, however, has taken place. 
Though it has not hitherto been rigidly demonstrated to be er- 
roneous, it has within a short period been generally abandon- 
ed, even by persons who, from having adopted it in early life, 
were prejudiced in its favour. The reason of this will readily 
- appear on comparing the two theories, and examining the 
evidence in favour of each. 

I. Chlorine, according to the new theory, is wntitaiateigel to 
be a simple body, Hiedauees like oxygen, hydrogen, and other 
analogous substances, it cannot be resolved into more simple 
parts. It does not indeed follow that a body is simple, be- 
cause it has not hitherto been decomposed ; but as chemists 
have-no other mode of estimating the elementary nature of 
bodies, they must necessarily adopt this one, or have none at all. 
Muriatic acid, according to the same doctrine, is considered 
to be a compound of chlorine and hydrogen. For when it is 
exposed to the agency of galvanism, it is resolved into these 
substances; and by mixing the two gases in due proportion, 
and passing an electric spark through the mixture, muri- 
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atic acid gas is the product.. Chemists have no other kind of 
proof of the composition of water, of potassa, or of any other 
compound. 

II. Very different is the evidence in support of the theory 
of Berthollet. According to that view, muriatic acid gas is 
composed of absolute muriatic acid, and water or its elements ; 
chlorine consists of absolute muriatic acid and oxygen; and 
absolute muriatic acid is a compound of a certain unknown 
base and oxygen gas... Now all these propositions are gratui- 
tous. . For, in the first place, muriatic acid gas has not been 
proved to contain water. Secondly, the assertion that chlo- 
rine contains oxygen is opposed to direct experiment, the 
most powerful deoxidizing agents having been unable to de- 
prive that gas of a particle of oxygen. Thirdly, the exist- 
ence of such a substance as absolute muriatic acid is wholly 
without proof, and therefore its supposed base is also imagi- 
nary. 

But this is not the only weak point in the theory. Since chlo- 
rine is admitted by this theory to contain oxygen, it was ne- 
cessary to explain how it happens that no oxygen can he sepa- 
rated from it. Thus,on exposing chlorine to a powerful galvanic 
battery, oxygen does. not appear.at the positive pole, as occurs 
when other oxidized bodies are subjected to its action; nor is 
carbonic acid or carbonic oxide evolved, when chlorine is con- 
ducted over ignited charcoal. 'To account for the oxygen 
not appearing under these circumstances, it was assumed 
that absolute muriatic acid is unable to exist in an uncom- 
bined. state, and therefore cannot be separated from one sub- 
stance except by uniting with another. This supposition 
was thought to be supported by the analogy of certain com- 
pounds, such as the nitric and oxalic acids, to the existence 
of which, unless combined with another body, water seems 
to be essential. “It: will be found, however; on close examina- 
tion, that these instances are not applicable to the case of 
chlorine and muriatic acid. For though the nitric and ox: 
alic acids have not hitherto been obtained free from water, 
this obviously arises from the tendency of their elements 
to obey other sea and to arrange themselves in a new 
order. 

Admitting the various assumptions which have been stated, 
most of the phenomena receive as. consistent an explanation 
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by the old as by the new theory. Thus, when muriatic acid 
gas is resolved by galvanism into chlorine and hydrogen, it 
may be supposed that the absolute muriatic acid attaches it- 
self to the oxygen of the water, and forms chlorine, while the 
hydrogen of the water is attracted to the opposite pole of the 
battery. When chlorine and hydrogen enter into combina- 
tion, the oxygen of the former may be said to unite with the 
latter, and that muriatic acid gas is generated by the water 
so formed combining with the absolute muriatic acid of the 
chlorine. The evolution of chlorine, which ensues on mix- 
ing muriatic acid and the peroxide of manganese, is explain- 
ed on the supposition that absolute muriatic acid unites di- 
rectly with the oxygen of the black oxide of manganese. 

It will not be difficult after these observations to account for 
the preference shown to the new theorv. In an exact science, 
such as chemistry, every step of which is required to be mat- 
ter of demonstration, there is no room to hesitate between 
two modes of reasoning, one of which is hypothetical, and the 
other founded on experiment. Nor is there, in the present 
instance, temptation to deviate from the strict logic of the 
science, for there is not a single phenomenon which may not 
be fully explained on the new theory, in a manner quite 
consistent with the laws of chemical action in general. It 
was supposed, indeed, at one time, that the sudden decom- 
position of water, occasioned by the action of that liquid on 
the compounds of chlorine with many simple substances, con- 
stitutes areal objection to the doctrine; but it will afterwards 
appear, that the acquisition of new facts has deprived this 
argument of all its force. While nothing therefore can be 
gained, much may be lost by adopting the doctrine of Ber- 
thollet. If chlorine is regarded as a compound body, the 
same opinion, though in direct opposition to the result of ob- 
servation, ought to be extended td iodine; and as other ana- 
Jogous substances may hereafter betdiscovered, in regard to 
which a similar hypothesis will apply, it is obvious that this 
view, if proper in one case, may legitimately be extended to 
others. One encroachment on the method of strict induction 
would consequently open the way to another, and thus the 
genius of the science would eventually be destroyed. 

An able attempt was made some years ago by the late Dr. 
Murray, to demonstrate the presence of water or of its elements 
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as a constituent part of muriatic acid gas, and thus to esta- 
blish the old theory to the subversion of the new. | Into this 
discussion, however, I shall not enter here, as it would lead 
into details too minute for an elementary treatise. I shall 
only observe, in referring the reader to the original papers on 
the subject, * that Dr. Murray did not succeed in establish- 
ing his point; and that his arguments, though exceedingly 
plausible and ingenious, were fully answered by Sir Humphry 
and Dr. John Davy. I must also state, that the history of the 
only experiment which strictly bears upon the question,— 
that, namely, in, which muriatic acid and ammoniacal gases 
were mixed together,—amounts very nearly to a demonstra- 
tion of the absence of combined water in muriatic acid gas. 
The quantity of water which did make its appearance dur- | 
ing the experiment, was so very small in comparison to what 
ought to have appeared on Dr. Murray’s supposition, as to 
leave little doubt in my mind that its origin was accidental. . 


SECTION XII. 
IODIN E. 


IopINE was discovered in 1812 by M. Courtois, a manu- 
facturer of saltpetre at Paris. In preparing carbonate of 
soda from the ashes of sea-weeds, he observed that the resi- 
dual liquor corroded metallic vessels powerfully ; and in in- 
vestigating the cause of the corrosion, he noticed that sulphu- 
ric acid. threw down a dark-coloured matter, which was, con- 
verted by the application of, heat into a beautiful violet va- 
pour... Struck with its appearance, he gave some of the sub- 
stance to M. Clément, who recognised it as a new body, and 
in 1813 described some of its leading properties in the Royal 
Institute of France. Its real nature was soon after deter- 
mined by Gay-Lussac and Sir H. Davy, each of whom proved 


* In Nicholson’s Journal, vols. xxxi. xxxii. and xxxiv. Edinburgh Philos. 
Trans. vol. viii. and Philos. Trans. for 1818. 
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that it is a simple non-metallic substance, excel analo- 
gous to chlorine. * 9 PLO 

Iodine, at common temperatures, is a soft. friable opaque 
solid, of a bluish-black colour,‘and metallic lustre: It occurs 
usually in crystalline scales, having the appearance of mica- 
ceous iron-ore ; but it sometimes crystallizes in large rhom- 
boidal plates, the primitive form of which isan octahedron. 
Its specific gravity, according to Gay-I.ussac, is 4,948 ; but 
Dr. Thomson found it only 3.0844. At 225° F. it fuses, and 
enters into ebullition at 347° F.; but’ when moisture is pre- 
sent, it sublimes rapidly even below the degree of boiling: wa- 
ter, and suffers'a gradual dissipation at low temperatures. 
Its vapour is of an exceedingly rich violet colour, a character 
to which it owes the name of Jodine.+ This vapour is re- 
markably dense, its specific gravity, as calculated by the for- 
mula of page 139, being 8.6102. Hence 100 cubic inches, 
at the standard temperature and pressure, must weigh 262.612 
grains. Dr. Thomson infers, partly from the experiments of 
Gay-Lussac, and partly from his own researches, that the 
atomic weight of Iodine is 124. 

Iodine is a non-conductor of electricity, and, like oxygen 
and chlorine, is a negative electric. It has a very acrid taste, 
and its odour is almost exactly similar to that of chlorine, 
when much diluted with air. It acts energetically on the 
animal system as an irritant poison, but 1s demepliene with 
advantage in medicine in very small doses. 

Todine is very sparingly soluble in water, requiring about 
7000 times its weight of that liquid for solution. It com- 
municates, however, even in this minute quantity, a brown 
tint to the menstruum. Alcohol and ether dissolve it freely, 
and the solution has a deep reddish-brown colour. 

Iodine possesses an extensive range of affinity. It destroys 
vegetable colours, though in a much less degree than chlorine. 
It manifests little disposition to combine with metallic oxides; 
but it has a strong’ attraction for the pure metals, and for 
most of the simple non-metallic substances. These combina- 


* The original papers on this subject are in the Annales de Chimie, vols. 
Ixxxviii. xc. and xci.3 and inthe Philos. Trans. for 1814 and 1815. 
+ From *Iadn¢s violaceus. 
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tions are termed: Lodides or Iodurcts... It is not inflammable; 
but under favourable cireumstances may, like chlorine, be 
made to unite :with oxygen. A solution of the pure alkalies 
acts upon it in the same manner as-upon,chlorine, giving rise 
to the decomposition of water and the formation of the iadic 
and hydriodie acids. 

Pure iodine is not influenced, chemieally by the imponder- 
ables. Exposure to the direct solar.rays, or to strong shocks 
of electricity, does not change its nature... It may be passed 
through red-hot tubes, or over intensely ignited charcoal, 
without any appearance of decomposition; nor is it affected. 
by the agency of galvanism. . Chemists, indeed, are unable 
to resolve it into more. simple parts, and consequently. it is 
regarded as an elementary principle. | 

"The violet hue ‘of the vapour of iodine is for many purpos- 
es a sufficiently sure indication of .its presence. A far more 
delicate test, however, was discovered by MM. Colin and 
Gaultier de Claubry. . They found that iodine has the pro- 
perty of uniting with starch, and of forming with it a coms 
pound insoluble in water, which is recognized with eertainty 
by its deep blue colour. This test, according to Professor 
Stromeyer, is so delicate, that a liquid containing 1—450,000 
of its weight of iodine, receives a blue tinge from a solu- 
tion of starch. Two precautions should be observed to ins 
sure success. In the first place, the iodine must be in a free 
state ; for it is the iodine itself only, and not its compounds, 
which unite with starch. Secondly, the solution should be 
quite cold at the time of adding the starch ; for boiling water 
decomposes the blue compound, and consequently removes its 
colour. 


IODINE AND HYBOGEN—-HYDRIODIC ACID GAS, 


When a mixture of hydrogen and the vapour of iodine is 
transmitted through a red-hot porcelain tube, direct, combi- 
nation takes place between them, anda colourless gas, pos- 
sessed of acid properties, is the product. To this substance 
the term Hydriodic acid gas is applied. 

This gas may be obtained quite pure by the action of wa- 
ter on the iodide of phosphorus. Any convenient. quantity: 

S 
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of moistened iodine is put into a small glass retort, and about 
one-twelfth of its weight of phosphorus is then added. An io- 
dide of phosphorus is formed, which instantly reacts upon the 
water. Mutual decomposition ensues; the oxygen of the 
water unites with the phosphorus, and the hydrogen with the 
iodine, giving rise to the formation of phosphoric and hydri- 
odic acids. On the application of a moderate heat, the latter 
passes over in the form of a colourless gas. 

The hydriodic acid gas has a very sour taste, reddens ve- 
getable blue colours without destroying them, and has an 
odour similar to that of muriatic acid gas. It combines with al- 
kalies, forming salts which are called hydriodaics. Like mu- 
Tiatic acid gas it cannot be collected over water 5 ; for that li. 
quid dliacahies it in large quantity. 

Hydriodic acid is eben }soded by several substances which 
have a strong affinity for either of its elements. Thus oxygen 
gas, when heated with it, unites with the hydrogen, and li- 
berates the iodine. Chlorine effects the decomposition instant- 
ly; muriatic acid gas is produced, and the iodine appears 
in the form of vapour. It is also decomposed by mercury. 
The decomposition begins as soon as the hydriodic acid comes 
in contact with the mercury, and proceeds steadily, and even 
quickly if the gas is agitated, till nothing but hydrogen remains. 
Gay-Lussac acer dived by this finethba that 100 measures 
of hydriodic acid gas contain precisely half their volume of 
hydrogen. ‘This result induced him to suspect that the com- 
position of hydriodic must be analogous to that of muriatic 
acid gas; that, as 100 measures of the latter contain 50 of 
hydrogen and 50 of chlorine, 100 measures of the former 
consist of 50 of hydrogen and 50 of the vapour of iodine. If 
this view be correct, then the composition of hydriodic acid 
gas, by weight, may be determined by calculation. For since 


Grains. : 
50 cubic inches of the vapour of iodine weigh 181.506 
50 i hydrogen gas , 1 .059 
100 of hydriodic acid gas must weigh 132. 365 


- and its speeifie gravity will be 4.3398, Now Gay-Lussac 
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ascertained, by weighing the hydriodic acid gas, that its den- 
sity is 4.443, number which corresponds so closely to the 
preceding, as to leave no doubt that the principle of the cal- 
culation is correct. There is good reason to believe, indeed, 
that the calculated result, if not rigidly exact, is very near the 
truth ; for Gay-Lussac states, that the number determined 
by him ren is too ete, or de Seeing vol. Xel. ‘p. 
16.) 

Since iodine and hydrogen unite in one proportion only, 
hydriodic acid is regarded as a compound of one atom of each 
element,—an opinion supported both by the proportions in 
which iodine combines with other substances, and by the ana- 
logy of muriatic acid. ‘The constitution of hydriodic acid 
may therefore be thus stated : 


~ By Volume. By Weight. 

POR Tee OPO Oe to, ONION EAE or One atom. 
“Hydrogen 2.50. 2. 1 or one atom. 
es ‘100 —— 
and its combining proportion is 125. | 

When hydriodic acid gas is conducted into water till that 
liquid is fully charged with it, a colourless acid solution is 
obtained, which emits white fumes on exposure to the air, and 
has a.density of 1.7. It may be prepared also by passing a 
current of sulphuretted hydrogen gas through water in which 
iodine in fine powder is suspended. ‘The ile: from having 
greater affinity than sulphur for hydrogen, decomposes the 
sulphuretted hydrogen; and hence sulphur is set free, and 
hydriodie acid is produced. As soonas the iodine has disap- 
peared, the solution is heated for a short time, to expel the 
excess of sulphuretted hydrogen, and subsequently filtered to 
separate the free sulphur. 

The solution of hydriodie acid is readily fiaisiapdced! 
Thus, on exposure during a few hours to the atmosphere, 
the oxygen of the air forms water with the hydrogen of the 
acid, and sets iodine free. The solution is found to have ac- 
quired a yellow tinge from the presence of uncombined iodine, 
and a blue colour is occasioned by the addition of starch. 
The nitric’and sulphuric acids likewise decompose it by yield- 
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ing oxygen, the former being at the same time converted into 
nitrous, and the latter into sulphurous acid. Chlorine unites 
directly with the hydrogen of the hydriodic acid, and muria- 
tic acid is formed. ‘The separation of iodine in all these cases 
may be proved in the way just mentioned. These circum- 
stances afford asure test of the presence of hydriodic acid, 
whether. free or in combination with alkalies. » All that is ne- 
cessary, Is to mix a cold solution of starch with the liquid, 
previously concentrated by evaporation if necessary, and then 
to add a few drops of strong sulphuric acid. - A. blue colour 
will make its appearance if hydriodic acid is present. 

Hydriodic acid is frequently met with in nature in combi- 
nation with potassa or soda. Under this form it occurs ,in 
many salt and other mineral springs. It has been detected 
in the water of the Mediterranean, in the oyster and some 
other marine molluscous animals, in sponges, and in most 
kinds of sea-weed. In some of these productions, such as 
the Fucus serratus and Fucus digitatus, it exists ready form- 
ed, and according to Dr. Fyfe (Edinburgh Philos. Journal, 
vol. i.) may be separated by the action of water ; but in others 
it can be detected only after incineration. The marine animals 
and plants doubtless derive the hydriodic acid they contain 
from the sea. Vauquelin has found it also in the mineral 
kingdom, in combination with silver. (Annales de Chimie et 
de Physique, vol. xxix.) 

All the iodine of commerce is procured from the i impure 
. carbonate of soda, called kelp, which is prepared in large 
quantity on the northern shores of Scotland, by incinerating 
sea-weeds. ‘The kelp is employed by soap-makers for the 
preparation of carbonate of soda; and the dark residual: li- 
quor, remaining after that salt has crystallized, contains.a 
considerable quantity of hydriodic acid, combined with soda 
or potash. By adding a sufficient quantity of sulphuric acid, 
the hydriodic acid is separated from the alkali, and then de- 
composed. The iodine sublimes when the solution is boiled, 
and may be collected in cool glass receivers. . A more conve- 
nient process is to employ a moderate excess of sulphuric acid, 
and then add some of the peroxide of manganese to the mix- 
ture. ‘The oxygen of the manganese decomposes the hydrio- 
dic acid; and a protosulphate of manganese is formed.’ (Dr. 
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Ure’s Paper in 1 the 50th volume of the pire Ma- 
gazine. ) 


IODINE AND OXYGEN.=——IODIC ACID. 


Todic acid was discovered about the same time by Gay- 
Lussac, and Sir H. Davy; but the latter first succeeded in 
obtaining it in a perfectly pure state. When iodine is brought 
into contact with the protoxide of chlorine, an immediate ac- 
tion ensues; the chlorine of the protoxide unites with one 
portion of iodine, and its oxygen with another, forming two 
compounds, a volatile orange-coloured matter, the chloride 
of iodine, and a white solid substance, which is iodic acid. 
On applying heat, the former passes off in vapour, and the 
latter remains. (Philos. Trans, for 1815.) 

‘This compound, which was termed owiodine by Sir H, 
Davy, is anhydrous iodic acid, It is a white semitransparent 
solid, which has a strong astringent sour taste, but no odour. 
Its density is considerable, as it sinks rapidly in sulphuric 
acid. .When heated to the temperature of about 500° F. it 
fuses, and at the same time is resolved into oxygen. and 
iodine. | | | 

Todic acid deliquesces in a moist atmosphere, and is very 
enbehbeis in water. The liquid acid thus‘ formed reddens ve- 
getable blue colours, and afterwards destroys them. On'eva- 
porating the solution, a thick mass of the consistence of paste 
is left, which is hydrous iodic acid, and from which, by cau- 
tious application of heat the water may be expelled. It acts. 
powerfully on: inflammable substances. » With charcoal, sul- 
phur, sugar, and similar combustibles, it forms mixtures which 
detonate when heated.» It enters into combination with me- 
_tallic oxides, and the resulting salts are called iodates. ‘These 
compounds, like the riley yield pure oxygen by ates 
and deflagrate when thrown on burning charcoal. x4 

Iodic acid unites with several of the acids, such as the sul- 
phuric, nitric, phosphoric, and boracic acids ; and with the 
three first it forms crystallizable compounds. It is decomposed 
by the sulphurous, phosphorous, and hydriadic acids, and 
by sulphuretted hydrogen. Todine in each case is set at liberty, 
and may be detected as usual by starch, ‘The muriatic and 
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iodic acids decompose each other, water and chloriodie acid 
being generated. 

Sir H. Davy analyzed iodic acid by determining the quan- 
tity of oxygen which it evolves when decomposed by heat, 
Gay-Lussac effected the same object by heating the’ iodate of 
potash, when pure oxygen was given off, and the iodide of 
potassium remained. From the result of these analyses, it 
appears that iodic acid is a compound of one atom of iodine 
and five atoms of oxygen; so that its elements are in the 
proportion of | | 

Iodine I 124, or one atom. 
| Oxygen 9.) 09 40, or five atoms. 
And its atomic weight is 164i. ps brie . 
. Iodous acid.» The iodous acid is: prepared by triturating 
iodine with an equal weight of the chlorate of potassa ina 
glass or porcelain mortar, until they form a very fine pulve- 
_rulent yellow mass, in which the metallic lustre of the iodine 
is no longer perceptible. The mixture is then heated in a 
glass retort ; and as soon as the chlorate begins to lose oxy- 
gen, the iodous acid rises in the form of a dense white va- 
pour, and condenses in the neck of the retort into a yellow 
liquid, which falls in drops into the receiver. | 

The iodous.acid is a yellow liquid of an oily consistency, 
and of a peculiarly disagreeable odour, somewhat ‘resembling 
euchlorine.. It has an acid astringent taste, and leaves'a 
burning sensation on the tongue. It reddens vegetable blue 
colours permanently, without destroying them. With water 
and alcohol it forms amber-coloured solutions. Its density 
is greater than that of water. It volatilizes rapidly at 212° 
F. and evaporates slowly at common temperatures. Sul- 
phur decomposes it, and phosphorus. and potassium take 
fire as soon as they come in contact with it. 

The iodous acid, the composition of which has not yet 
been determined, was discovered in 1824 by Professor Se- 
mentini of Naples. (Quarterly Journal, vol. xvii. p. 381.) 
The same chemist is of opinion that an oxide of iodine is 
formed by the action of sulphurous acid on iodous acid ; but 
this requires further investigation. 
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CHLORIODIC ACID. 


Chlorine is absorbed at common temperatures by dry 
iodine with evolution of caloric, and a solid compound. of 
iodine and chlorine results, which was discovered both by Sir 
H. Davy and Gay-Lussac. The colour of the product is 
orange-yellow when the iodine is fully saturated with chlo- 
rine, but is of a reddish-orange if the iodine is im excess, It 
is converted by heat into an orange-coloured liquid, which 
yields a vapour of the same tint on an increase of tempera- 
ture, It deliquesces in the open air, and dissolves freely in 
water. Its solution is colourless, is very sour to the taste, — 
and reddens vegetable blue colours, but afterwards destroys 
them. From its acid properties Sir H, Davy gave it the 
name of chloriodic acid. Gay-Lussac, on the contrary, calls 
it chloride of iodine, conceiving that the acidity of its solu- 
tion arises from the presence of muriatic and iodic acids, 
which he supposes to be generated by the decomposition of 
water. ‘The opinion of Sir H. Davy appears to me more pro- 
bable ; for we know that free muriatic and iodic acids mu- 
tually decompose each other, and therefore could hardly be 
generated by the action of water on the compound of iodine 
and chlorine. The chloriodic acid, however, does not unite 
with, alkaline substances. On mixing it, for example,, with 
baryta, the muriate and iodate of baryta are obtained... From 
this it may be inferred, that water and chloriodic acid react 
on each other when an alkali is added to them, 

The composition of chloriodic acid is not known with pre- 
cision. | ! Luda . 

Iodide of nitrogen. From the weak affinity that exists be- 
tween iodine and nitrogen, these substances cannot be made 
to unite directly. But when iodine is put into a solution; of 
ammonia, the alkali is decomposed; its elements unite with 
different portions of iodine, and thus cause the formation of 
hydriodic acid and. iodide of nitrogen. The latter subsides 
in the form of adark powder, which is characterised, like the 
chloride of nitrogen, by its explosive property. It detonates 
violently as soon as it is dried, and slight pressure, while 
moist, produces a similar effect, Heat and light are emitted 
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during the explosion, and iodine and nitrogen are set free, 
According to the experiments of M. Colin, the iodide of ni- 
trogen consists of one atom of nitrogen to three of iodine. 

Iodide of phosphorus. Lodine: and phosphorus combine 
readily in the cold, evolving so much caloric as to kindle the 
phosphorus, if the experiment 1s made in the open air; but 
in close vessels no light appears.. The combination takes 
place in several proportions, which have not been determined. 
Its most interesting property 1s that of decomposing water, 
with formation of hydriodic and phosphoric acids. 

Iodide of sulphur.. 'This.compound. is formed by heating 
gently a mixture of iodine and sulphur. The product has a 
dark colour and radiated APDSREPRS like antimony. | Its 
elements are easily disunited by heat. 


SECTION XIII. 
FLUORINE, OR THE BASE OF FLUORIC ACID. 


‘Tue base of fluoric acid has never been obtained in a sepa- 
rate state, and so little is known concerning it, that its real 
nature-is at present involved in much obscurity. The his- 
tory of this body must therefore be confined to.a description 
of its compounds. Of these, the principal is flworie acid. 

Fluoric acid was discovered in the year 1771 by Scheele, 
but Gay-Lussac and Thénard first obtained it in a pure 
form. * It is prepared by acting upon the mineral called 
jluor-spar, carefully separated from siliceous earth and re- 
duced to a fine powder, with twice its weight of concentrated. 
sulphuric acid. The mixture is made in a leaden retort; 
and on applying heat, an acid.vapour distils over, which 
must be collected in a receiver of the same metal, surrounded 
by ice. At the close of the operation, a dry mass, the sul- 
phate of lime, is found in the retort ;: while the receiver con- 


* Recherches Physico-Chimiques, vol. ii. 
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tains fluoric acid dissolved, according to Gay-Lussac and 
‘Thénard, in the water of the sulphuric acid. The fluor-spar 
is regarded by these chemists as a compound of fluoric acid 
and lime, and. consequently the sulphuric acid is supposed 
merely to decompose the salt by uniting with its base. 

Fluoric’acid, at the temperature of 32° F, is:a colourless 
fluid, and remains in that state at 59° F. if preserved in well- 
stopped bottles; but when it is exposed to the air, it flies off 
in dense white fumes, which consist of the vapour of the acid 
in combination with the moisture of the atmosphere. Its 
specific gravity is 1.0609; but its density may be increased 
to 1.25 by gradual additions of water. Its affinity for water 
is far greater than that of thestrongest sulphuric acid. When 
one drop of it falls into water, a hissing noise is heard similar 
to what is occasioned by plunging a red hot iron into that © 
liquid. 

The vapour of fluoric acid is pungent in the extreme, far 

more so than chlorine or any of the gases. Of all known 
substances, fluoric acid is the most destructive to animal mat- 
ter. When a drop of the concentrated acid, of the size of a 
pin’s head, comes in contact with the skin, instantaneous dis- 
organization ensues, followed by deep ulceration, which is 
very difficult to heal. 
» Concentrated fluoric acid. acts energetically on glass. The 
transparency of the glass is instantly destroyed, caloric is 
evolved, and the acid boils, and in a short time disappears 
entirely, a coulourless gas being the sole product.. ‘This gas 
has received the name of flwosilicic acid gas, because it is re- 
garded as. a compound of fluoric acid and silica. It is always 
formed when fluor-spar and sulphuric acid are heated toge- 
ther in a glass vessel, or when fluor-spar itself is mixed with 
siliceous earth. ‘This is the substance which Scheele always 
procured in his process, and which he supposed to be fluoric 
acid. From the strong aflinity of fluoric acid for silica, it 
cannot be preserved in glass bottles; and should therefore 
be kept in vessels of lead or silver. For the same reason, 
fluoric acid may be employed for etching on glass. 

Fluoric acid is in every respect a powerful acid. It has a 
strong sour taste, reddens litmus paper, and forms salts with 
alkalies, which are termed fluates. All these salts are de- 
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composed by strong sulphuric acid with the aid of heat, and 
the fluoric acid while escaping may be detected by its action 
on glass. According to the experiments of Dr. ‘Thomson, 
10 is the combining proportion of fluoric acid. 
As all other acids are compound, Gay-Lussae and Thénard 
naturally regarded the fluoric acid as such also, and adopted 
the opinion that it is composed of a certain combustible body 
and oxygen gas, They accordingly attempted to decompose 
it by means of some substance which has a strong) af- 
finity. for oxygen, and employed potassium for that purpose. 
When that metal is brought into contact with fluoric acid, 
a violent action ensues,.accompanied with an explosion, unless 
the experiment is cautiously conducted;—hydrogen gas is dis- 
engaged, and a white solid is produced, which has all the 
properties of fluate of potassa. ‘The explanation which Gay- 
Lussac and Thénard gave of these phenomena is, that the 
hydrogen arises from the decomposition of water, that the 
oxygen of that fluid combines with the potassium, and that 
the potassa so formed unites with the fluoric acid. They 
infer, therefore, from their experiments, that the strongest 
fluoric acid hitherto prepared contains water. 

A different view of the nature of fluoric acid, originally 
suggested by M. Ampére of Paris, has been proposed by 
Sir H. Davy.* This philosopher contends that fluorie acid, 
in its strongest form, is anhydrous; for on combining it with 
ammoniacal gas, a dry fluate of ammonia is formed, from which 
no water can be expelled by heat. He maintains also, that 
fluoric acid is composed, not of an inflammable base and oxy- 
gen, but of hydrogen united with a negative electric body, 
analogous to chlorine, to which he has given the name of 
jluorine, According to this theory, Austen is a fluoride of 
calcium, that is, a compound of fluorine and the metallic base 
of lime. When sulphuric acid decomposes it, the water which 
it contains is resolved into its elements. The hydrogen unites 
with fluorine, by which the fluoric (or the hydrofluoric acid) 
is generated ; while the oxygen unites with the calcium, and 
forms lime. When the metal potassium is brought into con- 
tact with fluoric acid, the hydrogen is not derived from wa- 


* Philosophical Transactions for 1813, 1814. 
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ter but from the acid’; and the supposed — of potassa is 
a compound of fluorine and potassium. | 

Su H. Davy has supported his opinion by many ingenious 
Sisters but the only direct experiment: in proof of the 
existence of fluorine is the following: On exposing. fluoric 
acid tothe agency of: galvanism, there-was a disengagement 
at the negative pole of a small quantity of gas, which was in- 
ferred from its combustibility to be hydrogen; while the pla- 
tinum wire of the opposite side of the battery was rapidly 
corroded, and became covered with a chocolate-coloured 
powder... Sir H, Davy explains these phenomena by suppos- 
ing the fluoric acid to have been resolved into its elements; and 
that the fluorine, at the moment of arriving at the positive 
end of the battery, entered into combination with the plati- 
num wire which was employed as a conductor. Unfortu- 
nately, however, he did not succeed in obtaining fluorine in 
an insulated state, and therefore its existence is questionable. 
Indeed, from the noxious vapours that arose during the ex- 
periment, it was impossible to watch its progress and examine 
the different results with that precision which is essential to 
the success of minute chemical inquiries, and which Sir H, 
Davy has so frequently displayed on other occasions. 'These 
circumstances appear to justify the opinion, adopted I be- 
lieve by most chemists, that experiments of a more decisive 
kind are required for determining the nature of fluoric acta 
with certainty, 7 

In this state of the inquiry, it is not important by Witte 
denthiing the phenomena are explained. On the whole, the ar- 
guments preponderate in favour of ‘the view proposed by Sir 
H. Davy 5: ;' but as the other theory was first introduced, and 
is in general more easily understood by ‘chemical students, 
I sa retain it here. ; 


¥FLUO-BORIC ACID GAS. 


_ One difficulty in determining ‘the nature of fluoric acid 
arises from the water of’ the sulphuric acid which is employ. 
ed in its preparation. _ ‘T’o avoid this source of uncertainty, » 
Gay-Lussac and Thénard made a mixture of vitrified bora- 
cic acid and fluate of lime, and exposed it in a leaden retort 
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to heat, under the expectation that as no water was present, 
anhydrous fluoric acid. would be obtained. In this however 
they were disappointed; but a new gas came over, to which 
Gay-Lussac and Thénard applied the term of fluo-boric acid 
gas. A similar train of reasoning led Sir H. Davy about 
the same time to the same discovery ; though Gay-Lussac 
and Thénard had the advantage in priority of publication. 
Fluo-boric acid gas may be prepared more conveniently by 
mixing one part of vitrified boracic acid, and two of fluor- 
spar with twelve parts of strong sulphuric acid, and heating 
the mixture gently in a glass retort. (Dr. John. mete 
Phil. Trans. for 1812.) 

Fluo-boric acid gas is colourless, has a penetrating pun- 
gent odour, and extinguishes flame on the instant. . It red- 
dens litmus paper as powerfully as sulphuric acid, and forms 
salts with alkalies which are called fluo-borates. It has a sin- 
gularly great affinity for water. When it is mixed with air 
or any gas which contains watery vapour, a dense white 
cloud appears, which is a combination of water and fluo-borie 
acid gas. From this circumstance it forms an exceedingly 
delicate test of the presence of moisture in gases. Fluo-boric 
acid gas is rapidly absorbed by water... According to Dr. 
John Davy, water absorbs 700 times its volume. Caloric is 
evolved during the absorption, and the water acquires an 
' increase of volume. The saturated solution is limpid, fum- 
ing, and very caustic. . 
_ Fluo-boric acid gas does not act on glass, but attacks ani- 
mal and vegetable matters with energy, converting them 
like sulphuric acid into a carbonaceous substance. . This ac- 
tion is most probably owing to its affinity for water, 

When potassium is heated in fluo-borie acid gas it in- 
flames, and a chocolate-coloured solid, wholly devoid cf me- 
tallic Justre, is the sole product. On putting this substance 
into water, a part of it dissolves, and a solution is obtained, 
which has all the characters of the fluate of potassa. The in- 
soluble matter is boron. From this and other experiments, 
fluo-boric acid gas is inferred to be a compound of fluoric and 
boracic acids. It is presumed likewise, that when potassium 
burns in this gas, the oxygen is derived from the boracic acid, 
and that the potassa so formed unites directly with the fluo- 
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ric-acid, It is also evident, according to this view, that in 
the processes for forming fluo-boric acid gas, the fluoric acid, 
at the moment of separation from the lime, unites directly 
with boracic acid. ‘The explanation given by Sir H. Davy 
is different. He regards fluo-boric acid gas as a compound 
of fluorine and boron, and ascribes the combustion of potas- 
sium in it to the combination of that metal with fluorine. 

The specific gravity of fluo-boric acid gas was found by 
Dr. John Davy to be 2.3709, and by Dr. Thomson, 3.3622. 
By calculation Dr. Thomson states-its real density at 2.3611, 
an estimate which is probably correct. Consequently, 100 
cubic inches of fluo-boric acid gas, at 60° F., and when the 
barometer stands at 30 inches, must weigh 72.0135 grains, 
From the experiments of the same chemist (First Principles, 
vol. ii.) this compound consists of 


_Boracie acid : - 24 or one atom, 
Fluoric acid...» 6% sys 10 or one atom, 


and hence its combining proportion is 34. 


Pd 


QTR HYDROGEN AND NITROGEN. 


ON THE COMPOUNDS OF THE SIMPLE NON-METALLIC 
ACIDIFIABLE COMBUSTIBLES WITH EACH OTHER. 


SECTION I. 


HYDROGEN AND NITROGEN—AMMONIACAL GAS, 
Tue spirit of hartshorn has been long familiar to chemists ; 
but the existence of ammonia’ as a gas was first noticed by 
Dr. Priestley, and was described by him in his works under 
the name of alkaline air. It is sometimes called the volatile 
alkali ; but the terms ammonia and ammoniacal gas are now 
more commonly employed. n 

The most convenient method of preparing ammoniacal gas 
for the purposes of experiment is by applying a gentle heat 
to the concentrated solution of ammonia, contained in a glass 
vessel. It soon enters into ebullition, and a large quantity of 
pure ammonia is disengaged. 

Ammonia is a colourless gas, which has a strong pungent 
odour, and acts powerfully on the eyes and nose. It is quite 
irrespirable in its pure form, but when diluted with air, it 
may be taken unto the lungs with safety. Burning bodies 
are extinguished by it, nor is the gas inflamed by their ap- 
proach. Ammonia, however, is inflammable in a low de- 
gree. For when a lighted candle is immersed in it, the 
flame is somewhat enlarged, and tinged of a pale yellow 
colour at the moment of being extinguished ; and a small 
jet of the gas will burn in an atmosphere of oxygen. A 
mixture of ammoniacal and oxygen gases detonates by the 
electric spark ; water is formed, and nitrogen remains. A 
little nitric acid is generated at the same time, except 
when less oxygen is employed than is sufficient for combining 
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with all the hydrogen of the ammonia. (Dr. Henry in the 
Philos, Trans. for 1809.) 

Ammoniacal gas at the temperature of 50°. F. and un- 
der a pressure equal to 6.5 atmospheres, becomes a trans- 
parent colourless liquid. It is also liquefied, according to 
Guyton-Morveau, under the common pressure, by a cold of 
70 degrees below zero of Fahrenheit ; but it is more probable 
that the liquid he obtained was a solution of ammonia in 
water. 

Ammonia has all the properties of an alkali in a very mark- 
ed manner. ‘Thus it has an acrid taste, and gives a brown 
stain to turmeric paper; though the yellow colour soon re- 
appears on exposure to the air, owing to the volatility of the 
alkali. It combines also with acids, and neutralizes their 
properties completely. All these salts suffer decomposition 
by being heated, with the fixed alkalies or alkaline earths, 
such as potassa or lime. These substances unite with the 
acid of the salt, and the ammonia is expelled. None of the 
ammoniacal salts can sustain a red heat without being dissi- 
pated in vapour or decomposed, a character which manifestly 
arises from the volatile nature of the alkali. If it is combin« 
ed with a volatile acid, such as the muriatic, then the com- 
pound itself sublimes unchanged by heat ; but if it is in com- 
bination with an acid, such as the phosphoric, which is fixed 
in the fire, in that case the ammonia alone is expelled. 

Hydrogen and nitrogen gases do not unite directly, and 
therefore chemists have no synthetic proof of the constitu- 
tion of ammonia. Its composition, however, has been deter- 
mined analytically with great exactness. When a succession 
of electric sparks is passed through ammoniacal gas, it is re- 
solved into its elements ; and the same effect is produced by 
conducting ammonia through porcelain tubes heated’ to red- 
ness. The late A. Berthollet analyzed ammonia in both 
ways, and ascertained that 200 measures of that gas, on being 
decomposed, occupy the space of 400 measures, 300 of which 
are hydrogen, and 100 nitrogen. Dr. Henry has very re- 
cently made an analysis of ammonia by means of electricity, 
and his experiment proves beyond a doubt that the propor- 
tions above given are rigidly exact. (Annals of Philosophy, 
N. S. vol. vill.) | | 
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| fe iicGryns 
Now since 150 cubic inches of hydrogen weigh 81TT 
50 nitrogen ’ i 14.826 


100 cubic inches of ammonia must weigh 18.003 
and it is composed by weight of 


FRYOTORED 6 a BLA thu ct 38 . 3 atoms. 
Nitrogen ~ 148296... 14 ©. one atom. 
The Bh of its atom, therefore, is 17. _ | 

The specific gravity of ammonia, according to this calcu- 
lation, is 0.5902, a number which agrees hoes with those 
ascertained directly by Sir H. Davy foe Dr. Thomson. 

Ammoniacal gas has a powerful affinity for water, and for 

this reason must always be collected over mercury. Owing 

to this attraction, a piece of ice, when introduced into a +e 
full of ammonia, is instantly liquefied, and the gas disappears 
in the course of a few seconds. Sir H. Davy, in his elements, 
states that water at 50° F. and when the barometer stands at 
29.8 inches, absorbs 670 times its volume of ammonia ; and 
that the solution has a specific gravity of 0.875. According 
to Dr. Thomson, water at the common temperature and pres- 
sure takes up 780 times its bulk. By strong compression 
water absorbs the gas in still greater quantity. Caloric is 
evolved during the absorption, and a considerable expansion, 
independently of the increased ‘temperature, occurs at the 
same time. 

The concentrated solution of ammonia, commonly, though 
incorrectly, termed liquid ammonia, is made by passing a cur- 
rent of the gas, as long as it continues to be absorbed, into 
distilled water, which is kept cool by means of ice or moist 
cloths. The gas may be prepared from any salt of ammonia 
by the action of any pure alkali or alkaline earth; but mu- 
riate of ammonia and lime, from economical considerations, 
are always employed. The proportions to which I give the 
preference are equal parts of the muriate of ammonia and f 
well-burned quicklime, a considerable excess of lime being 
taken, in order to decompose the muriate more expeditiously 
and completely, The lime is slaked by the addition of wa- 
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ter, and as soon as it has:fallen into: powder, it should be 
placed in an earthem pan and be covered to protect it | from 
the carbonic acid of the air, till it-is' quite. cold. It is 
then mixed in a mortar with the muriate, of ammonia, pre- 
viously reduced to a fine powder, and the mixture is put in- 
to a retort or other convenient glass vessel. Heat is then 
applied, and the temperature gradually increased as long as a 
free evolution of gas continues.. The ammonia should be con- 
ducted by means of a Welter’s safety tube into a quantity of 
distilled water equal to the weight of the salt employed. 

The residue consists of lime and muriate of lime. 

The concentrated solution of ammonia, as thus prepared, 
is a Clear colourless liquid, of specific gravity 0.936. It pos- 
sesses the peculiar pungent odour, taste, alkalinity, and other 
properties of the gas itself. On account of its great volatility it 
should be preserved in well-stopped bottles, a measure which 1s 
also required to prevent the absorption of carbonic acid. At a 
temperature of 130° F. it enters into ebullition, owing to the 
rapid escape of pure ammonia ; but the whole of the gas can- 
not be'expelled by this means, as at last the solution itself 
evaporates. It freezes at about the same temperature. as 
mercury. i | . 

The following table, from Sir H. Davy’s Elements of Che- 
mical Philosophy, shows the. quantity of real ammonia con- 
tained in 100 parts of solutions of different densities, at 59° 
F. and when the barometer stands at 30 inches. ‘The speci- 
fic gravity of water is supposed to be 10,000 :— 


Table of the quantity of real Ammonia in solutions of 
| different densities. 


pant ier hth wt we MRL 
sp. gravity. |» Ammonia. | ‘sp. gravity. | | Ammonia. 
8750 32.5 9435 | | 14.53 
8875) fy | 6 29.25 9476 |_| 19.46 
9000» |. |» 26,00 9513). g -| 112.40 
9054 . | 3. | 25.87 9545..| 8 | 11.56. 
9166 1 22.07 9573 2 | 10.82 
9255 | | ‘19.54 | 9597. 10.17 
9326 oS ie 9619 9.60 ° 


9385 15.88 -| 9692 | 9.50. 
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The presence of free ammoniacal gas may always be de- 
tected by its odour, by its temporary action on the yellow 
turmeric paper, and by forming dense white fumes, the mu- 
riate of ammonia, when a glass rod moistened with muriatic 
acid is brought near it. 


SECTION II. 
COMPOUNDS OF HYDROGEN AND CARBON. 


Cuemists have for several years been acquainted with two 
distinct compounds of carbon and hydrogen, the carburetted 
hydrogen and olefiant gas; but the researches of M. Fara- 
day have quite recently enriched the science by the discovery 
of two new substances of a similar nature, and the same able 
chemist has demonstrated the existence of others, though he 
has ‘hitherto been unable to obtain them in an insulated form. 
According to Dr. Thomson, naphtha and naphthaline are 
likewise pure carburets of hydrogen, 


“ 


LIGHT CARBURETTED HYDROGEN. 


This gas is sometimes called heavy inflammable air, the in- 
flammable air of marshes, hydro-carburet, and proto-carburet 
_ of hydrogen. Dr. Thomson proposed the term of bi-hydro- - 
guret of carbon; but it is more generally known by the 
name of light carburetted hydrogen. It is formed abundantly in 
stagnant pools during the spontaneous decomposition of dead 
vegetable matter ; and it may readily be procured by stirring 
the mud at the bottom of them, and collecting the gas, as it 
escapes, in an inverted glass vessel. In this state it is found 
to contain 1-20th of carbonic acid gas, which may be remov- 
ed by means of lime water or a solution of pure potassa, and 
1-15th or 1-20th of nitrogen. This is the only convenient 


method of obtaining it. 
5 
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“Light carburetted hydrogen is ‘tasteless and nearly inodo- 
rous, and it' does not change the colour of litmus or turmeric 
paper. Water, according to Dr. Henry, absorbs about 1-60th 
of its volume. It extinguishes all. burning: bodies, and is of 
course unable to support the respiration of animals. It is 
highly inflammable, and when a jet of it is set on fire, it 
burns with a yellow flame, and with a much stronger light 
than is occasioned by hydrogen gas.. With a due proportion 
of atmospheric air or oxygen gas it forms a mixture which 
~ detonates powerfully with the electric spark, or by the con- 
tact of flame. The sole products of the explosion are water 
and carbonic acid. 

Mr. Dalton first ascertained the real nature of light car- 
buretted hydrogen, and it has since been particularly examin- 
ed by Dr. Thomson, Sir H. Davy, and Dr. Henry. When 
‘100 measures are detonated with rather more than twice their 
volume of oxygen, the whole of the inflammable gas, and 
precisely 200 measures of: the oxygen disappear, water Is 
- condensed, and 100 measures of carbonic acid are produced. 
From this it may be inferred (pages 137 and 188), that 100 
cubic inches of light carburetted hydrogen contain 100 cubic 
inches of the vapour of carbon and 200 cubic inches of hy- 
drogen ; and that it is composed by weight of Ecce 


Carbon ; j 6° or one atom. 
Hydrogen . : 2 or two atoms. 


Its atomic weight is consequently 8. 

From the same data it follows, that 100 inches of light 
carburetted hydrogen, at 60° F., and when the. barometer 
stands at 30 inches, must weigh 16.939 grains, and its spe- 
cific gravity is therefore 0.5554. This caleulated result is 
almost identical with the density of the gas as determined di- 
-rectly by Dr. Henry and Dr. Thomson. 

Light carburetted hydrogen is not decomposed by electri 
city, or by being passed through red-hot tubes, unless the tem- 
_ perature is very great. It may be inferred from the experi- 
ments of Berthollet, and from the phenomena that attend the 
formation of oil gas at high temperatures, that light carbu- 
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retted liydrogen is resolved into its elements, at least in part, 
when the heat is very intense. It follows from the nature of 
the gas, that for each volume so decomposed, two volumes 
of hydrogen must be set free. 

Chlorine and light carburetted hydrogen do not act on 
each other at common temperatures, when quite dry, even if 
they are exposed to the direct solar rays. If the gases are 
moist, and the mixture is kept in a dark place, still no action 
ensues; but if light be admitted, particularly sunshine, then 
decomposition follows. The nature of the products depends 
upon the proportion of the gases. If four measures of chlorine 
and one of light carburetted hydrogen are present, carbonic 
and muriatic acid gases will be produced,—effects. which 
may be thus explained. ‘Two volumes of chlorine combine 
with two volumes of hydrogen contained in the carburetted 
hydrogen, and the other two volumes of chlorine decompose 
so much water as will likewise give two volumes of hydro- 
gen,—which forms muriatic acid ; while the oxygen of the wa- 
ter unites with the carbon, and converts it into carbonic acid. 
If there are three instead of four volumes of chlorine, then 
carbonic oxide will be generated instead of carbonic acid, 
because one-half less water will be decomposed. (Dr. Henry.) 
If a mixture of chlorine and light carburetted hydrogen is 
electrified or exposed to a red heat, muriatic acid is formed, 
and charcoal is deposited. 

It was first ascertained by Dr. Henry (Nicholson’s Foye 
nal, vol. xix.), and his conclusions have been fully confirmed 
by the subsequent researches of Sir H. Davy, that:the fire- 
damp of coal mines consists almost solely of light carburetted 
hydrogen. This gas often issues in enormous quantity from 
between beds of coal, and by collecting in mines, owing to 
deficient ventilation, gradually mingles with atmospheric air, 
and forms an explosive mixture. The first unprotected light 
which then approaches, sets fire to the whole mass, and a 
- dreadful explosion ensues. ‘These accidents, which were for- 
merly so frequent and so fatal, are now comparatively rare, 
owing to the employment of the safety lamp; and I conceive 
it to be demonstrable, on the view that light carburetted hy- 
drogen is the sole constituent of fire-damp, that accidents of 
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the kind cannot occur at all, proyided the gauze lamp is in a 
due state of repair, and is employed with the requisite, pre- 
cautions. For this invention we are indebted to Sir H. 
Davy ; and we must in justice remember that it is not, like 
many discoveries, the offspring of chance, but the fruit of 
elaborate experiment and close induction, which originated. 
solely with that philosopher, and which may be regarded as 
one of the happiest efforts of his genius. (Mssay on Flame.) 

Sir H. Davy commenced the inquiry by determining the 
best proportion of air and light carburetted, hydrogen for 
forming an explosive mixture, When the inflammable gas is 
mixed with three or four times its volume of air, it does not 
explode at all. It detonates feebly when mixed with five or 
six times its bulk of air, and powerfully when one to seven 
or one to eight is the proportion. With 14 times its volume, 
it still forms a mixture which is explosive; but if a larger 
quantity of air be admitted, a taper burns in it only with an 
enlarged flame. 

The temperature which is required for causing an explo- — 
sion was next ascertained. It was found that ie strong. | 
est explosive mixture might come in contact with iron or 
other solid bodies heated to. redness, or even to whiteness, 
without detonating, provided they are not in a state of actual ° 
combustion; whereas the smallest point of flame, owing to its 
higher temperature, instantly causes an explosion, 

The last important step in the inquiry was the observation 
that flame cannot pass through a narrow tube. This led Sir 
H. Davy to the discovery that the power of tubes in prevent- 
ing the transmission of flame is not necessarily connected with 
any particular length; and that a very short one will have 
the effect, provided its diameter is proportionally reduced, 
Thus a piece of fine wire gauze, which may be regarded as 
an assemblage of short small tubes, is quite impermeable to 
flame ; and consequently if a common oil lamp be completely 
surrounded with a cage of such gauze, it may be introduced 
into an explosive atmosphere of fire-damp and air, without 
kindling the mixture. This simple contrivance, which is 
appropriately termed the saftty-lamp (fig. 6), not only pres 
yents explosion, but indicates the precise moment of danger, 
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When the lamp is carried into an atmosphere charged with 
fire-damp, the flame begins to enlarge; and the mixture, if 
highly explosive, takes fire as soon as it has passed through’ 
the gauze and burns on its inner surface, while the light in the 
centre of the lamp is extinguished. Whenever this appear- 
ance is observed, the miner must instantly withdraw ; for 
though the flame cannot communicate to the explosive mixture 
on the outside of the Jamp, as long as the texture of the gauze 
remains entire, yet. the heat emitted during the combustion is 
so great, that the wire, if exposed to it for a few minutes, 
would suffer oxidation, and fall to pieces. 

The peculiar operation of small tubes in obstructing the 
passage of flame admits of a very simple explanation. Flame 
is gaseous matter heated so intensely as to be luminous; 
and Sir H. Davy has shown that the temperature necessary 
for producing this effect is far higher than the white heat 
of solid bodies: | Now when flame comes in contact with: 
the sides of very minute apertures, as when wire gauze is 
laid upon a burning jet of coal gas, it is deprived of so 
much caloric that its temperature instantly falls below the 
degree at which gaseous matter is luminous ; and conse- 
quently, though the gas itself passes freely through the in- 
terstices, and is still very hot, it is no longer incandescent. 
Nor does this take place when the wire is cold only ;—the ef- 
fect is equally certain at any degree of heat which the flame 
can communicate to it. For since the gauze has-a large ex- 
tent of surface, and from its metallic nature is a good con- 
ductor of caloric, it loses heat with great rapidity. Its tem- 
perature, therefore, though it may be heated to whiteness, is 
always so far below that of flame, as to exert a cooling in- 
fluence over the burning gas, and thus deprive it of its es 
perty of emitting light. 


. 


OLEFIANT GAS. 


This gas was discovered in 1796 by some associated Dutch 
chemists, who gave it the name of Olefiant gas, from its pro- 
perty of forming an oily-like liquid with chlorine. ~ It is 
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sometimes called: bi-carburetted or per-carburetted hydrogen, 
and hydroguret of carbon; but as none of these terms convey 
a precise idea of its nature, I shall employ the appellation 
proposed by its discoverers, 

Olefiant gas is prepared by mixing in a capacious retort six 
measures of strong alcohol with sixteen of concentrated sul- 
phuric acid, and heating the mixture as soon as it is made by 
means of an Argand lamp. ‘The acid soon acts upon the al- 
cohol, effervescence ensues, and olefiant gas passes over. 
The chemical changes which take place are of a complicated 
nature, and the products numerous. At the commencement 
of the process, the olefiant gas is mixed only with a little ether ; 
but in a short time the solution becomes dark, the formation 
of ether declines, and the odour of sulphurous acid begins to 
be perceptible ; and towards the close of the operation, though 
olefiant gas is still the chief product, sulphurous acid is freely 
disengaged, some carbonic acid is formed, and charcoal in large 
quantity is deposited, The olefiant gas may be collected e1- 
ther over water or mercury. The greater part of the ether 
condenses spontaneously, and the sulphurous and carbonic 
acids may be separated by washing the gas with lime water, 
or a solution of pure potassa. 

The olefiant gas in this process is derived solely from the 
alcohol; and its production is owing to the strong affinity of 
sulphuric acid for water. Alcohol is composed of carbon, 
hydrogen, and oxygen; and from the proportion of its ele- 
ments, itis inferred to be a compound of 14 parts or one atom 
of olefiant gas, united with 9 parts or one atom of water. It is 
only necessary, therefore, in order to obtain olefiant gas, to de- 
prive alcohol of the water which is essential to its constitution, 
and this is effected by sulphuric acid. The formation of ether, 
which occurs at the same time, will be explained hereafter, 
The other phenomena are altogether extraneous, They al- 
most always ensue when substances derived from the animal 
and vegetable kingdoms are subjected to the action of sul. 
phuric acid, They occur chiefly at.the close of the pre- 
ceding process, in consequence of the excess of acid which is 
then present. 

Olefiant gas isa colourless elastic fluid, which has no tate, 
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and scarcely any odour when pure. . Water absorbs about 
one-eighth of its volume. Like the preceding compound. it 
extinguishes flame, is unable to support. the respiration of 
animals, and is set on fire when a.lighted candle is present- 
ed to it, burning slowly with the emission of a dense white 
light. With a proper quantity of oxygen gas, it forms a 
mixture which may be kindled by flame or the electric spark, 
and which explodes with great. violence. To burn it-com- 
pletely, it should be detonated with four or five times its volume 
of oxygen. On conducting this experiment with the requisite 
care, Dr. Henry finds that for each measure of olefiant gas, 
precisely three of oxygen disappear, a deposition of water 
takes place, and two measures of carbonic acid are produced. 
From these data the proportion of its constituents may easily 
be deduced in the following manner. ‘Two measures of car- 
bonic acid contain two measures of the vapour of carbon, 
which must have been present in the olefiant gas, and two 
measures of oxygen. Two-thirds of the oxygen which 
had disappeared are thus accounted for; and. the other 
third must have combined with hydrogen. But one mea- 
sure of oxygen requires for forming water precisely two 
measures of hydrogen, which must likewise have been con- 
tained in the olefiant gas. It hence follows that 100 cubic 
inches contain, | 


Grains. 
200 cubic inches of the vapour of heubor which weigh 25.418 
200 , hydrogen gas, which weigh 4.236 


and consequently 
100 cubic inches of olefiant gas must weigh : 29.654 
Its specific gravity, accordingly, is 0.9722; whereas its densi- 
ty as taken directly by Saussure, is 0.9852 ; by Henry, 0. 967, 
and by Thomson 0.97. 


Olefiant gas, by weight, consists of | 
Carbon 4 25.418 : 12 or two atoms. 
Hydrogen 4.236 ‘ 2 or one atom. 

and therefore 14 is the weight of its atom. 

_ Olefiant gas, when a succession of electric sparks is passed 
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through it, is resolved into charcoal and hydrogen; and the 
latter of course occupies twice as much space as the gas 
from which it was derived. Olefiant gas is decomposed by 
being passed through red-hot tubes of porcelain. The nature 
of the products depends upon the temperature.) By employ- 
ing a very low degree of heat, it)may probably be converted 
solely into carbon and light carburetted hydrogen; and in 
this case no increase of volume can occur, because these two 
gases, for equal bulks, contain the same quantity of hydro- 
gen. But if the temperature is high, then a great increase of 
volume takes place, a circumstance which. indicates the evo- 
lution of free hydrogen, and consequently the total decom- 
position of some of the olefiant gas. 

Chlorine acts powerfully on olefiant gas. When these 
gases are mixed together in the proportion of two measures 
of the former to one of the latter, they form a mixture which 
takes fire on the approach of flame, and which burns rapidly 
with formation of muriatic acid gas, and deposition of a large 
quantity of charcoal. But if the gases are allowed to remain 
at rest after being mixed together, a very different action en- 
sues. The chlorine, instead of decomposing the olefiant gas, 
enters into direct combination with it, and a yellow liquid 
like oil is generated. ‘This substance is sometimes called 
chloric ether; but the term hydrocarburet of chlorine, as 
indicative of its composition, is more appropriate. 

The hydrocarburet of chlorine was discovered by the 
Dutch chemists; but Dr. Thomson* first ascertained that it 
is a compound of olefiant gas and chlorine; and its nature 
has since been more fully elucidated by the researches of 
MM. Robiquet and Colin.+ To obtain it in a pure and dry 
state, it should be well washed with water, and then distilled 
from the chloride of calcium. As thus purified, it is a co- 
lourless volatile liquid, of a peculiar sweetish taste and ethe- 
real odour. Its specific gravity at 45° F. is 1.2201. It boils 
at 152° F., and may be distilled without change. It suffers 
complete decomposition when its vapour is passed through 


* Memoirs of the Wernerian Society, vol. i. 
t An, de Ch. et de Ph, vol. i. and ii, 
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a red-hot porcelain tube, being resolved into charcoal, light 
carburetted hydrogen, and muriatic acid gas. 

-.The composition of the hydrocarburet of chlorine is readi- 
ly inferred from the fact, that in whatever proportions olefi- 
ant gas and chlorine may be mixed together, they always 
unite in equal volumes. Consequently they combine by 
weight according to the ratio of their densities, so that the 
hydrocarburet of chlorine consists of 


Chlorine , 2.5 . 36 one atom. . 
Olefiant gas . ’ 0.9722 . 14 one atom. 


3.4722 50 


and its atomic weight is 50. This estimate is confirmed by 
the analysis of Robiquet and Colin. 

The hydrocarburet of chlorine forms a very dense vapour, 
its specific gravity, according to Gay-Lussac, being 3.4434, 
This is so near the united densities of chlorine and olefiant 
gas, as to leave no doubt that the vapour contains its own 
volume of each of its constituents. 

Dr. Henry has demonstrated that light is not essential to 
the action of chlorine on olefiant gas. On this he has found. 
ed an ingenious and perfectly efficacious method of separat- 
ing olefiant gas from light carburetted hydrogen and carbo- 
nic oxide gases, neither of which is acted on by chlorine 
unless ight is present. (Philos. Trans. for 1821.) 

Olefiant gas unites also with iodine. This compound was 
discovered by Mr. Faraday (Philos. Trans. for 1821) by ex- 
posing olefiant gas and iodine, contained in the same vessel, 
to the direct rays of the sun. The hydrocarburet of iodine 
is a solid white crystalline body, which has a sweet taste and 
aromatic odour. It sinks rapidly in strong sulphuric acid. 
It fuses when heated, and then sublimes without change, 
condensing into crystals, which are either tabular or prisma- 
tic. On exposure to strong heat, it is decomposed, and 
iodine escapes. It burns, if held in the flame of a spirit lamp, 
with evolution of iodine and some hydriodic acid. It 1s in- 
soluble both in water and in acid or alkaline solutions. Al- 
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cohol and ether dissolve it, and on evaporating the solution 
it crystallizes. 7m 

- The hydrocarburet of iodine'is composed mbit to the 
analysis of Mr. Faraday (Quarterly Journal of on vol. 
xiii.) of 


Todine igs DE 124 . or one atom. 
Olefiant gas y 14 : or one atom. 


M. Serrulas has also discovered a compound of olefiant 
gas and iodine. It has a yellow colour like sulphur, and 
forms scaly crystals of a pearly lustre. Though it differs. 
from the preceding. compound in some of its properties, its 
composition, according to the analysis of M, Serrulas, is pre- 
cisely analogous, (Annales de Ch. et de Ph, vol. xx. and 
XX1i.) 

This compound was originally prepared by adding potas- 
sium to a solution of iodine in alcohol; but M. Serrujas has 
since made it by mixing a solution of pure potassa in alcohol 
with an alcoholic solution of iodine. The object of both pro- 
cesses 1s to present-iodine in solution to olefiant gas ma 
nascent state.. It was stated in the section. on iodine, that 
when an alkali, such as potassa, acts on that substance, hy- 
driodic and iodic acids are generated by the decomposition of 
water. It has been mentioned, also, in the present section, 
that pure alcohol is a compound of water and olefiant gas. 
Now, when iodine, potassa, and alcohol, are mixed together, 
the latter 1s decomposed :—the water contributes to the for- 
mation of iodic and hydriodic acids ; while the olefiant. gas, 
instead of assuming the gaseous form, unites with iodine.. 
Potassium acts still more powerfully ; because it is converted: 
into potassa at the expense of the water of the alcohol. 


ON THE NEW CARBURETS OF HYDROGEN DISCOVERED BY MR, 
FARADAY. 


In the process of compressing oil gas in Gordon’s condens- 
ing apparatus, during which the gas is subjected to a force 
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equal to thirty atmospheres, a considerable quantity of liquid. 
collects, which retains its fluidity at the common atmospheric 
pressure. This liquid, when recently received from the con- 
denser, boils at 60° F.. But as soon as the more volatile por- 
tions are dissipated, which happens before one-tenth is thrown 
off, the point of ebullition rises to 100° F.; and the tempera- 
ture gradually ascends to 250° I’. before all the liquid is vo- 
latilized, ‘This indicated the presence of several compounds, 
which differ in their degree of volatility ; and Mr. Faraday 
remarked that the boiling point was more constant between 
176° and 190° F. than: at any other temperature. He was 
hence led to search for a definite compound in the fluid 
which came over at that period ; and at length by repeated 
distillations, and exposing the distilled liquid to a tempera- 
ture of zero, he succeeded in obtaining a substance to which 
he has applied the term of bi-carburet of hydrogen. 

The bi-carburet of hydrogen, at common temperatures, is 
a colourless transparent liquid, which smells like oil gas, and 
has also a slight odour of almonds. Its specific gravity is nearly 
0.85 at 60° F. At 82° F. it congeals, and forms dendritic 
crystals on the sides of the glass. At zero it is transparent, 
bitter, and pulverulent, and is nearly as hard as loaf sugar. 
When exposed to the air at the ordinary temperature it eva- 
porates, and it boils at 186° F. The density of its vapour, 
at 60° F. and when the barometer stands at 29.98 inches, is 
nearly 2.7760. 

The bi-carburet of hydrogen is very slightly soluble in 
water, but it dissolves freely in fixed and volatile oils, in 
ether, and in alcohol, and the alcoholic solution is precipitat- 
ed by water. It is not acted on by alkalies. It is combus- 
tible, and burns with a bright flame and much smoke. When 
admitted to axygen gas, so much vapour rises as to make a 
powerfully detonating mixture. Potassium heated in it does 
not lose its lustre. On passing its vapour through a red-hot 
tube, it gradually deposits charcoal, and yields carburetted 
hydrogen gas. Chlorine, by the aid of sunshine, decomposes 
it with evolution of muriatic acid. ‘Two triple compounds of 
chlorine, carbon, and hydrogen, are formed at the same time, 
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ote of which is a crystalline solid, and the other a dense 
thick fluid. . 

The bi-carburet of hydrogen was analyzed in two ways. 
In the first, its vapour was passed over oxide of copper heat- 
ed to redness ; and in the second, it was detonated with oxy- 
gen gas. Carbonic acid and water were the sole products: 
and as the absence of oxygen is established by the inaction 
of potassium, it follows that the bi-carburet consists of carbon 
and hydrogen-only. Mr. Faraday infers.from his analyses, 
that 100 measures of the inflammable vapour require 750 of 
oxygen for complete combustion ; that 150 measures of oxy- 
gen unite with 300 of hydrogen’ and that the remaining 
600 combine with 600 of the vapour of carbon, forming 600 
measures of carbonic acid gas. Consequently, 100 measures 
of the vapour are composed of 


Carbon . (0.41666). 24996 . 86. Gatoms. 
Hydrogen . (0.06943) . 0.2082 . 3. 3 atoms. 

The weight of its atom is therefore 39; and its specific 
gravity, by calculation, is 2.7078. 


The second carburet of hydrogen discovered by Mr. Fara- 
day, to which he has not given a name, was derived from the 
same source as the preceding. Itis obtained by heating with 
the hand the condensed liquid from oil gas, and conduct- 
ing the vapour which escapes through tubes cooled  artifi- 
cially to zero. A liquid then condenses, which boils from a 
slight elevation of ‘temperature, and before the thermometer 
rises to 32° I’. is wholly reconverted into vapour. 

This vapour is highly combustible, and burns with a bril- 
liant flame. Its specific gravity, at 60° F. and 29.94 of the 
barometer, is about 1.9065. On being cooled to zero, it 
again condenses, and the specific gravity of this liquid at 54° 
is 0.627; so that among solids and liquids it is the lightest 
body known. 

Water absorbs the vapour sparingly; but alcohol talées it 
up in large quantity, and the solution effervesces on being di- 
luted with water. Alkalies and muriatic acid do not affect it. 
Sulphuric acid, on the contrary, absorbs more than 100 times 
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its volume of the vapour. A dark-coloured solution is form- 
ed, but no sulphurous acid is disengaged. 

From the analysis of this vapour,’ made by otitis it 
with oxygen gas, Mr. Faraday infers that each volume re- 
quires six of oxygen for complete combustion, and yields four 
volumes of carbonic acid. It hence follows that 100 mea- 
sures of the vapour contain 400 measures of the vapour of 
carbon and 400 of hydrogen: gas, and that this earburet of 
hydrogen consists, by weight, of 


Carbon... (0.41664) . 1.6664 . 24. 4: atoms. 
Hydrogen . (0.0694x4) . O2776 . 4. 4 atoms. 


The weight of its atom is therefore 28. Its density must be 
1.9440 ; and Mr. Faraday regards this estimate of its specific 
gravity as nearer the truth than that above stated. The com- 
position of this. substance was. calculated by Dr. Thomson 
(Principles of Chemistry, vol. i. p. 151) before the compound 
-itself had been obtained in an insulated form. He terms it 
quadro-carbureited hydrogen, and is of opimion that it exists 
in sulphuric ether, combined with one atom of water. ‘This 
view is justified by the proportion in which the elements of 
ether are united. 

The discovery of this substance has established a fact 
which is altogether new to chemists. The elements of the 
new carburet are united in the proportion of 24 to 4, and 
those of olefiant gas in that of 12 to 2; that is, the car- 
bon and hydrogen in both are in the ratio of 6 to 1, and 
therefore each may be regarded as a compound of one atom 
of its component principles. Hence it appears that two sub- 
stances may be identical with respect to the proportion of their 
constituents, and yet be quite distinct in their physical and 
chemical properties. 

This peculiarity is explicable on the supposition that the 
ultimate atoms of such compounds are differently disposed. 
It is to be presumed that the smallest possible particle of ole- 
fiant gas contains two atoms of carbon and two atoms of hy- 
drogen; and that, in like manner, an integrant particle of 
the new compound of Mr. Faraday contains four atoms of 
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each element. Neither of these substances could, I. conceive; 
be formed by direct union of a single atom of carbon and a 
single atom of hydrogen. ‘If a combination of the kind were 
to occur, a new compound, different from any known at pre- 
sent, would be the result.. Such appears to-me the only sa- 
tisfactory mode of accounting for the phenomena. 


NAPHTHA FROM COAL TAR. 


This substance is obtained by the distillation of coal tar, 
and is termed Naphiha from its similarity to mineral naph- 
tha. It has astrong and peculiar empyreumatic odour, and 
is highly inflammable. Potassium ‘may be preserved in it 
without losing its lustre, which is a sufficient proof that it 
contains no oxygen. According to Dr. Thomson, one mea- 
sure of the vapour of naphtha contains six measures of the 
vapour of carbon, and six of hydrogen gas; or, by weight, 
that it consists of 36 or six atoms of carbon, and 6 or six 
atoms of hydrogen. 


NAPHTHALINE. 


This compound is likewise derived from coal tar. If the 
distillation is conducted at a very gentle heat, the naphtha, 
from its greater volatility, first passes over; and afterwards 
the naphthaline rises in vapour, and condenses in the neck of 
the retort as a white crystalline solid. (Dr. Kid in the Phil. 
Trans. for 1821.*) 

Pure naphthaline is heavier than water, has a pungent 
aromatic taste, and a peculiar, faintly aromatic, odour, not un- 
like that of the narcissus. It is smooth and unctuous to the 
touch, is perfectly white, and has a silvery lustre. It fuses 
at 180°, and assumes a crystalline texture in cooling. © It vo. 
latilizes slowly at’ common temperatures, and boils at 410° F, 


* See also a paper by Mr. Brande in the Quarterly Journal of Science, 
vol. viii; and Annals of Philosophy, N. S. vol. vi. 
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Its vapour, in condensing, crystallizes with remarkable’ faci- 
lity in thin transparent laminz. 

Naphthaline is not very readily inflamed ; but when set on 
fire it burns rapidly, and emits a large quantity of smoke. It 
Is insoluble in cold, and dissolves very sparingly in hot wa- 
ter. Its proper solvents are alcohol and ether, and especially 
the latter. Olive oil, the oi! of turpentine, and naphtha, like- 
wise dissolve it. 

The alkalies do not act upon naphthaline. The acetic and 
oxalic acids dissolve it, forming pink-coloured solutions. Sul- 
phuric acid enters into direct combination with it, and forms 
a new and peculiar acid, which Mr. Faraday has described 
im the Philosophical Transactions for 1826, under the name _ 
of Sulpho-naphthalic acid. 

Naphthaline, according to the analysis of Dr. Thomson, is 
a sesquicarburet of hydrogen ; that is, a compound of 9 or an 
atom and a half of carbon and one atom of hydrogen. It is 
desirable, however, that this analysis should be repeated. 


ON COAL AND OIL GAS. 


The nature of the inflammable gases derived from the de- 
structive distillation of coal and oil was first ascertained by 
Dr. Henry,* who showed, in several elaborate and able essays, 
that these gaseous products do not differ essentially from one 
another, but consist of a few well-known compounds, mixed 
in different and very variable proportions. The chief consti- 
tuents were found to be light carburetted hydrogen and ole- 
fiant gas, besides which shiby contain an inflammable vapour, 
free hydrogen, carbonic acid, carbonic oxide, and nitrogen 
gases. The discoveries of Mr. Faraday have elucidated the 
subject still farther, by proving that there exists in oil gas, 
and by inference in coal gas also, the vapour of several de- 
finite compounds of carbon and hydrogen, the presence of 
which, for the purposes of illumination, is exceedingly im- 
portant. 


* Nicholson’s Journal for 1805. Philosophical Transactions for 1808. Ibid. 
for 1821. 
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The illuminating power of the ingredients of coal. and oil 
gas is very unequal. ‘Thus the carbonic oxide ‘and carbonic 
acid are positively hurtful; that is, the other gases would 
give more light without them... The nitrogen of course can 
be of no service. The hydrogen is actually prejudicial ;_ be- 
cause, though it evolves a large quantity of caloric in burning, 
it emits an exceedingly feeble light. The carburets of hydro- 
gen are the real illuminating agents, and the degree of light 
emitted by these isdependant on the quantity of carbon which 
they contain. Thus olefiant gas illuminates much more | 
powerfully than the light carburetted hydrogen; and, for 
the same reason, the dense vapour of the quadrocarburet of 
hydrogen emits a far greater quantity of light, for equal vo- | 
lumes, than the sleliant gas. | 

From these facts, it is obvious that the comparative Joma. 
nating power of different kinds of coal and oil gas may be esti- 
mated, approximatively at least, by determining the relative 
quantities of the denser carburets of hydrogen which enter into 
their composition. ‘This may be done in three ways. 1. By 
their specific gravity. 2. By the quantity of oxygen required 
for their complete combustion, 3. By the quantity of gase- 
ous matter.condensible by chlorine in the dark; for chlorine, 
when light is excluded, condenses all the hydro-carburets, 
excepting the hght carburetted hydrogen. .Of these methods, 
the last I conceive is the least exceptionable,* | 

The formation of coal and oil gas is a process of consider- 
able delicacy... Coal gas is prepared by heating coal to red- 
ness in iron retorts. The quality of the gas, as made at dif- 
ferent places or at the same place at different timés, is very 
variable, the density of ‘some specimens having been found.so 
lowas 0.443, and that.of others so high as 0:700. These dif- 
ferences arise in partfrom the nature of the coal, and part! y from 
the mode in which the process is conducted. The regulation of 
the degree of heat is the chief circumstance in the mode of oper- 
ating, by which the quality of the gas is affected. That the 
quality of the gas may be influenced by this cause is obyiousfrom 


* For a discussion of this and other questions relative to oil and coal gas, 
the reader may consult an essay by Dr. Christison and myself in the Edin- 
burgh Philosophical Journal for 1825, 
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the fact, that all the dense hydro:carburets are resolved by a 
strong red heat either into charcoal and light carburetted hy- 
drogen, or into charcoal and hydrogen. Consequently, the gas 
made at a very high temperature, though its quantity may be 
comparatively g great, has a low specific gravity, and illuminates 
feebly, It is therefore an object of importance that the tem- 
perature should not be greater than is required for decom- 
posing the coal effectually, and that the retorts be so con- 
trived as to prevent the gas from passing over a red-hot sur- 
face subsequently to its formation. 

These remarks apply with still greater force to the manu- 
facture of oil gas, because oil is capable of yielding a much 
larger quantity of the heavy hydrocarburets than coal. ‘The 
quality of oil gas from the same material is liable to ‘so 
great variation from the mode of manufacture, that the den- 
sity of some specimens has been found so low as 0.464, and 
that of others so high as 1.110. ‘The average specific gra- 
vity of good oil gas is 0.900, and it should never be made high- 
er. The true interest of the manufacturer is to form as much 
olefiant gas as possible, with only a small proportion of the 
heavier hydrocarburets. Ifthe latter predominate, the quan- 
tity of gas derived from a given weight of oil is greatly dimi- 
nished ; and a subsequent loss is experienced by the conden- 
sation of the inflammable vapours when the gas is compress. 
ed, or while it is circulating through the distributing tubes. 

‘Coal gas, when first prepared, always contains sulphuretted 
hydrogen, and for this reason must be purified before being 
distributed for burning, ‘The process of purification consists 
in passing the gas under strong pressure through milk of lime, 
by which means the sulphuretted hydrogen may be entirely 
removed. But coal gas, after being treated in this manner, 
still retains some compound of sulphur, most probably, as Mr. 
‘Brande conjectures, the sulphuret of carbon, owing to the 
presence of which, sulphurous acid is generated during its com- 
bustion. Oil gas, on the contrary, needs no purification ; and 
as it is free from all compounds of sulphur, it yields in burn- 
ing no sulphurous acid, and is therefore better fitted for 
He titin’ dwelling-houses than coal gas. 

With respect to the relative economy of the two gases, 
I may observe that the illuminating power of oil gas, of speci- 
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fie gravity 0.900, is about double that of coal gas of 0.600. In 
good. coal districts, however, oil gas is fully three times the 
price of coal gas, and therefore in such situations, the latter: 
is Considerably cheaper. (Essay above quoted.) 


SECTION III. | 


COMPOUNDS OF HYDROGEN AND SULPHUR—SULPHURET- 
TED HYDROGEN. 


Tur best method of preparing pure sulphuretted hydrogen 
is by heating suilphuret of antimony in a retort, or any con- 
venient glass flask, with four or five times its weight of strong 
muriatic acid. An interchange of elements takes place be- 
tween water and the sulphuret of antimony, in consequence of 
which, sulphuretted hydrogen, and the protoxide of antimony, 
are generated. ‘The former escapes with effervescence, while 
the latter unites with muriatic acid. The affinities which 
determine these changes are the attraction of hydrogen for 
sulphur, of oxygen for antimony, and of muriatic acid for 
the protoxide of antimony, * 

Sulphuretted hydrogen is also formed by the action of sul- 
phuric or muriatic acid, diluted with three or four parts of 
water, on the protosulphuret of iron; and the theory of the 
phenomena is. similar to that just mentioned. ‘The. proto- 
sulphuret of iron may be procured either by igniting com- 
mon. iron pyrites (the deuto-sulphuret of iron), by which one 
atom of sulphur is expelled; or by exposing to a low red 
heat a mixture of two parts of iron filings and rather more 
than.one of sulphur. The materials should be placed in a 
common earthen or cast iron crucible, and be protected as 
- much as possible from the air during the process. The pro- 
tosulphuret procured from iron filings and sulphur always 
contains some uncombined iron, and therefore the gas obs 


* This process may be explained differently. Instead of water, the mu- 
riatic acid may be supposed to yield hydrogen to the sulphur, while a chlo- 
ride of antimony is formed. For reasons which will afterwards be stated, I 
adopt. the view given in the text. 
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tained from it is never quite pure, being mixed with a little 
free hydrogen. This, however, for many purposes, is quite 
immaterial. 

Sulphuretted hydrogen is:a colourless gas, and is distin- 
guished from all other gaseous substances by its offensive 
taste and odour, which is similar to that of putrefying eggs, 
or the water of sulphurous springs. Under a pressure of 
17 atmospheres, at 50° F., it is compressed into a limpid li- 
quid, which resumes the gaseous state as soon as the pres- 
sure 1s removed. | 

Sulphuretted hydrogen is very injurious to animal life. Ac- 
cording to the experiments of Dupuytren.and Thénard, the 
presence of 1-1500th of sulphuretted hydrogen in air, is in- 
stantly fatal to a small bird; 1-800th killed a middle-sized 
dog, and a horse died in an atmosphere which contained 
1-150th of its volume. 

Sulphuretted hydrogen extinguishes all burning bodies ; 
but the gas takes fire when a lighted candle i is ifimleeapel in 
it, and: burns with a pale blue flame. Water ‘and sulphur- 
ous acid are the products of its combustion, and sulphur is 
deposited. With oxygen gas it forms a mixture which deto- 
nates by the application of flame or the electric spark. If 100 
measures of sulphuretted hydrogen are exploded with 150 of 
oxygen, the former is completely consumed, the oxygen disap- 
pears, water is deposited, and 100 measures of sulphurous acid 
gas remain. (Dr. Thomson.) From the result of this expert- 
ment, the composition of sulphuretted hydrogen may be infer- 
red ; for it is clear, from the composition of sulphurous acid, 
(page 215,) that two-thirds of the oxygen must have com- 
bined with sulphur; and, therefore, that the remaining one- 
third contributed to the formation of water. Consequently, 
sulphuretted hydrogen contains its own volume of the vapour 
of sulphur and of hydrogen gas; ; and since Pig 

Grains. 
100 cubic inches of the vapour of sulphur weigh . 33.888 
100 cubic inches of hydrogen gas weigh ; . ILS 
100 cubic inches of sulphuretted hydrogen gas must 

weigh , , 36-006 
and its specific navies is 1. 1805. 
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The accuracy of this estimate is confirmed by several cir- 
cumstances; Thus, according to Gay-Lussac and 'Thénard, 
the weight of 100 cubic inches of sulphuretted hydrogen is 
36.33 grains; and Sir H. Davy and Dr. Thomson found it 
somewhat lighter. When sulphur’is heated in hydrogen 
gas, sulphuretted hydrogen is generated without any change 
of volume. On igniting platinum wires in it by the voltaic 
apparatus, sulphur is deposited, and an equal volume of pure 
hydrogen remains. A similar effect is produced, though 
more slowly, by a succession of electric sparks. (Elements of 
Sir H. Davy, p. 282.)  Gay-Lussac and Thénard have 
given ample demonstration of the same fact. Thus, on heat- 
ing tin in sulphuretted hydrogen, a sulphuret of tin is form- 
ed; and when potassium is heated in it, a vivid combustion 
ensues, with formation of the sulphuret of potassium. In 
both cases, pure hydrogen is left, which occupies precisely 
the same space as the gas from which it was derived. (Re- 
cherches Physico-Chimiques, vol. i.) 

From the data above stated, it follows that sulphuretted 
hydrogen is composed, by weight, of : 
Sulphur : 33.888 . 16 .° one atom. 
Hydrogen . 2.118  . 1. one atom. 


Sulphuretted hydrogen has decided acid properties; for 
it reddens litmus paper, and forms salts with alkalies. It is 
hence sometimes called hydro-sulphuric acid. Its salts are 
termed hydro-sulphurets or hydro-sulphates. All the hydro- 
sulphurets are decomposed by muriatic or sulphuric acid, and 
sulphuretted hydrogen is disengaged with effervescence. 

Recently boiled water absorbs its own volume of sulphuret- 
ted hydrogen, and acquires the peculiar taste and odour of 
sulphurous springs. 'The gas is expelled without change by 
boiling. | 

The elements of sulphuretted hydrogen may easily be se- 
parated from one another. ‘[hus on putting a solution of 
sulphuretted hydrogen into an open vessel, the oxygen ab- 
sorbed from the air gradually unites with the hydrogen of the 
sulphuretted hydrogen, water is formed, and sulphur is de- 
posited. Sulphuretted bydrogen and sulphurous acid mu- 
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tually decompose each other, with formation of water and de- 
position of sulphur. Ifa drachm of fuming nitric acid is 
poured into a bottle full of sulphuretted hydrogen gas, a 
bluish-white flame passes rapidly through the vessel, sulphur 
and nitrous acid fumes make their appearance, and of course 
water is generated. Chlorine and iodine decompose sulphu- 
Tretted hydrogen, with separation of sulphur, and formation 
either of muriatic or hydriodic acid. An atmosphere charged 
with sulphuretted hydrogen gas may be purified by means 
‘of chlorine in the space of a few minutes. 

Sulphuretted hydrogen, from its affinity for metallic sub- 
stances, is a chemical agent of great importance. It tar- 
-nishes gold and silver powerfully, forming with them metal- 
lic sulphurets. White paint, owing to the lead which it con- 
tains, is blackened by it; and the salts of nearly all the com- 
mon metals are decomposed by its action. In most cases, 
the hydrogen of the sulphuretted hydrogen combines with the 
oxygen of the oxide, and the metal unites with the sulphur. 

Sulphuretted hydrogen is readily distinguished from other 
gases by its odour. The most delicate chemical test of its 
presence is carbonate of lead (white paint) mixed with water 
and spread upon a piece of white paper. So minute a quan- 
tity of sulphuretted hydrogen may by this means be detect- 
ed, that one measure of the gas mixed with 20,000 times its 
volume of air, hydrogen, or carburetted hydrogen, gives a 
brown stain to the whitened surface. (Dr. Henry.) 


BISULPHURETTED HYDROGEN. 


Though Scheele discovered this compound, it was first par- 
ticularly described by Berthollet. (An. de Chimie vol. xxv.) 
It may be made conveniently by boiling equal parts of re- 
cently slaked lime and flowers of sulphur with five or six of 
water, when a deep orange-yellow solution is formed, which 
contains a hydrosulphuret of lime with excess of sulphur. 
‘On pouring this liquid into strong muriatic acid, a copious 
deposition of sulphur takes place ; and the greater part of the 
sulphuretted hydrogen, instead of escaping with effervescence, 
is retained by the sulphur. After some minutes, a yellowish 
semifluid matter like oil collects at the bottom of the ves- 
sel, which is bisulphuretted hydrogen. 


- 
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- From the facility with which this substance resolves itself 
into sulphur and sulphuretted hydrogen, its history is imper- 
fect, and in some respects obscure. It is viscid to the touch, 
and has the peculiar odour and taste of sulphuretted hydro- 
gen, though in aslighter degree. It appears to possess the pro- 
perties of an acids for it unites with alkalies and the»alkaline 
earths, forming salts which are termed sulphuretted hydro- 
sulphurets. According to Mr. Dalton, the bi-sulphuretted by- 
drogen consists of one atom of hydrogen and two atoms of 
sulphur; and consequently its combining proportion is 33. 
This view of its composition is corroborated by Mr. Herschel’s 
analysis of the sulphuretted hydrosulphuret of lime. . Gittins 
burgh Philos. Journal, vol. 1. p. 13.) 

The salts of the bisulphuretted hydrogen may be ethane 
by digesting sulphur in solutions of the alkaline or earthy hy- 
dro-sulphurets. ‘They are also generated when alkalies or al- 
kaline earths are boiled with sulphur and water; but in this 
case, another salt is formed at the same time. Thus, on boil- 
ing together lime and sulphur, as in the preceding process, 
the only mode by which sulphuretted hydrogen can be form- 
ed at all, is by the decomposition of water ; but since.no oxy- 
gen escapes during the ebullition, it is manifest that the ele- 
ments of that liquid must have combined with separate por- 
tions of sulphur, and have formed two distinct acids. One of 
these, in all probability, is hyposulphurous acid; and the mthgr 
is sulphuretted hydrogen. 

The salts of bisulphuretted hydrogen absorb oxygen from 
the air, and pass gradually into hyposulphites. A similar 
change is speedily effected by the action of sulphurous acid, 
Dilute muriatic and sulphuric acids produce in them a depo- 
sition of sulphur, and evolution of sulphuretted hydrogen 


gas. 


SECTION IV. 
HYDROGEN AND SELENIUM—HYDRO-SELENIC ACID. © 


~Srtenium, lke sulphur, forms a gaseous compound with 
hydrogen, which has distinct: acid properties, and is termed 
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seleniuretted hydrogen, or hydro-selenic acid. This gas is dis- 
engaged when muriatic acid is added to a concentrated solu- 
tion of any hydro-seleniate.. It may also be procured by heat- 
ing the seleniuret of iron in muriatic acid. By the decompo- 
sition of water, oxide of iron and hydro-selenic acid are gene- 
rated; and while the former unites with the muriatic acid, 
the latter escapes in the form of gas. 

Hydro-selenic acid gas is colourless. Its odour is at first 
similar to that of sulphuretted hydrogen; but it afterwards 
irritates the lining membrane of the nose powerfully, excites 
catarrhal symptoms, and destroys for some hours the sense of 
smelling. It is absorbed freely by water, forming a colour- 
less solution, which reddens litmus paper, and gives a brown 
stain to the skim. The acid is soon decomposed by exposure 
to the atmosphere, for the oxygen of the air unites with the 
hydrogen of the hydro-selenic acid, and selenium, in the form 
of a red powder, subsides. 

All the salts of the common metals are decomposed by hy- 
dro-selenic acid. ‘The hydrogen of that acid combines with 
the oxygen of the oxide, and a seleniuret of the metal is ge- 
nerated. 

The hydroselenic acid gas is composed, according to the 
analysis of Berzelius, of one atom of each of its constituents. 


SECTION V. 


HYDROGEN AND PHOSPHORUS—PERPHOSPHURETTED 
HYDROGEN. 


PrRPHOSPHURETTED hydrogen was discovered in 1783 by 
M. Gengembre, and has since been particularly examined by 
Mr. Dalton and Dr. Thomson. This gas may be prepared 
in several ways. The first is by heating phosphorus in a 
strong solution of pure potassa. The second consists in heat- 
ing a mixture made of small pieces of phosphorus, and re- 
cently slaked lime, to which a sufficient quantity of water is 
added to give it the consistence of a thick paste. .The third 
method is by the action of dilute muriatic acid, aided by a 
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moderate Lesh on the dhowphinret of lime. In these processes, 
three compounds of phosphorus are generated ;—phospho- 
ric acid, hypo-phosphorous acid, and perphosphuretted hydro. 
gen,—all of which are produced by the decomposition of 
water, and the combination of its elements with separate por- 
tions of phosphorus. The gas should be generated at as low 
a temperature as possible; for otherwise some free myenogen 
is apt to pass over. 

Perphosphuretted hydrogen gas has a peculiar odour, re- 
sembling that of garlic, and a bitter taste. Its specific gra- 
vity, according to Dr. Thomson, is 0.9027; and 100 cubic 
inches at 60° F., and when the barometer stands at 30 inches, 
weigh 27.5323 crains, Recently boiled water absorbs about 
1-50th of its volume, and acquires the peculiar odour of the 
gas. ‘The solution does not redden litmus paper, nor does 
the gas itself possess acid properties. ‘The most remarkable 
property of this compound, by which it is distinguished from 
all other gases, is the spontaneous combustion which it under- 
goes on mixing with air or oxygen gas. If the beak of the 
retort from which it issues is plunged under water, so that 
successive bubbles of the gas may rise through the liquid, a 
very beautiful appearance takes place. Each bubble, on 
reaching the surface of the water, bursts into flame, and forms 
a ring of dense white smoke, which enlarges as it ascends, 
and retains its shape, if the air be very tranquil, till it disap- 
pears. If the gas is received in a vessel of oxygen gas, the 
entrance of each bubble is instantly followed by a strong con- 
cussion, and a flash of white light of extreme intensity. The 
products of the combustion in both cases are phosphoric acid 
and water. Mr. Dalton observed that it might be mixed with 
pure oxygen in a tube of three-tenths of an inch in diameter 
without aking fire; but the mixture detonates when an elec- 
tric spark is passed through it. 4 

‘From the combustibility of phosphuretted, hydrogen, it 
would be hazardous. to mix it in any quantity with air or 
oxygen in close vessels, For the same reason, care is requir- 
ed, in making the gas, to allow it to form very slowly at first, 
in order that the oxygen within the apparatus may be Bra. 


ee y consumed, | ) 
. 6 
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Perphosphuretted hydrogen is resolved into its elements by 
exposure to.a strong heat. The same effect is produced. by 
passing through it a succession of electric sparks, pure hydro- 
gen remaining, which occupies the same space as the gas from 
which it was derived. When phosphorus is heated in hydro- 
gen gas, some perphosphuretted hydrogen is generated, with- 
out any change of volume. (Dr. Thomson.) We learn from 
the same chemist, that if sulphur is heated in perphosphur- 
etted hydrogen, decomposition ensues, and an equal volume 
of sulphuretted hydrogen results. From these data it follows 
that perphosphuretted hydrogen contains its own volume of 
hydrogen. Its composition is therefore determined by sub- 
tracting the specific gravity of hydrogen gas from that of per- 
phosphuretted hydrogen. Hence it is composed of 


Phosphorus (0.9027—0.0694)—0.8333 12 one atom. 
Hydrogen : ph : 0.0694 1 one atom. 


and its atomic weight is 13. 

When 100 measures of perphosphuretted hydrogen are ex- 
ploded in a strong tube with an equal volume of oxygen gas, 
water and phosphorous acid are generated. On the contrary, 
if 150 measures of oxygen are employed, the products are 
water and phosphoric acid. (Dr. Thomson and Mr. Dalton.) 
In each experiment, 50 measures of oxygen unite with hy- 
drogen, and the remainder with the phosphorus. These are 
the data from which Dr. Thomson infers that the phosphoric 
contains twice as much oxygen as the phosphorous acid. 


PROTOPHOSPHURETTED HYDROGEN. 


The protophosphuretted hydrogen, discovered in 1812 by 
Sir H. Davy, is a colourless gas, which has the following pro- 
perties, Its odour, though disagreeable, is less fetid than 
that of the preceding compound. Water absorbs about one- 
eighth of its volume of the gas. It does not take fire when 
mixed with air or oxygen at common temperatures; but the 
mixture detonates with the electric spark, or when heated to 
the temperature of 300° Fahrenheit. Admitted into chlorine 
gas, it inflames instantly, and emits a white light, a property 
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which it possesses in common with the perphosphuretted hy- 
drogen. 

On heating potassium in the protophosphuretted hydrogen, 
a phosphuret of potassium is formed, and the residue is pure 
hydrogen, which occupies twice as much space as the gas 
from which it was derived. When sulphur is heated in 100 
measures of this gas, a sulphuret of phosphorus is produced, 
and 200 measures of sulphuretted hydrogen are obtained. 
(Sir H. Davy and Dr. Thomson.) Further, Dr, Thomson 
states, that water and sulphurous acid result when 100 mea- 
sures of the protophosphuretted hydrogen are detonated with 
_ 150 of oxygen gas; whereas with 200 of oxygen, the pro- 
ducts are water and phosphoric acid.’ From these data, it 
follows that the protophosphuretted hydrogen is composed of 


Phosphorus : 12, or one atom. 
Hydrogen : 2, or two atoms. 


Its atomic weight is therefore 14. The specific gravity of a 
gas, so constituted, should be 0.9722. | 

The protophosphuretted hydrogen is prepared by heating 
the solid hydrate of phosphorous acid in close vessels. The 
chemical changes which give rise to its production, are ex- 
plained by Sir H. Davy in the following manner. (Elements, 
p- 297.) For every four atoms of phosphorous acid two of 
water are decomposed. ‘The six atoms of oxygen unite with 
three of phosphorus, forming three atoms of phosphoric 
acid; while'the remaining atom of phosphorus attaches itself 
to the two atoms of hydrogen, and forms one atom of proto- 
phosphuretted hydrogen. 
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SECTION VI. 


COMPOUNDS OF NITROGEN AND CARBON. 


BICARBURET OF NITROGEN, OR CYANOGEN GAS. 


CYANOGEN gas, the discovery of which was made in 1815 
by M. Gay-Lussac, (Annales de Chimie, vol. xcv.) is pre- 
pared by heating the cyanuret of mercury, carefully dried, 
in a small glass retort, by means ofa spirit lamp. ‘This cya- 
nuret, which, on the supposition of its being a compound of 
the oxide of mercury and prussic acid, was formerly called 
prussiate of mercury, is in reality composed of metallic 
mercury and cyanogen. _ On exposing it to a low red heat it 
is resolved into its elements. ‘The cyanogen passes over in 
the form of gas, and the metallic mercury sublimes. ‘The 
retort, at the close of the process, contains a small residue of 
charcoal, derived from the cyanogen itself, a portion of which 
is decomposed by the temperature employed in its formation ; 
but Gay-Lussac states that no free nitroger is disengaged till 
towards the close of the process. 

Cyanogen gas is colourless, and has a strong pungent and 
very peculiar odour. At the temperature of 45° F., and un- 
der a pressure of 3.6 atmospheres, it 1s a limpid liquid, which 
resumes the gaseous form when the pressure is removed. 
It extinguishes burning bodies ; but is inflammable, and burns 
with a beautiful and characteristic purple flame. It can sup- 
port a strong heat without decomposition. Water, at the 
temperature of 60° F., absorbs 4.5 times, and alcohol 23 times, 
its volume of the gas. ‘The aqueous solution reddens litmus 
paper; but this effect is not to be ascribed to the gas itself, 
but to the presence of acids which are generated by the mu- 
tual decomposition of cyanogen and water.* 


\ 


* Vauquelin, in the Annales de Ch. et de Ph. vol. ix.; or Annals of Phi- 
vol. xiii. 
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The composition of cyanogen may be.determined by mix- 
ing that gas with a due proportion of oxygen, and inflaming 
the mixture by electricity. Gay-Lussac ascertained in this 
way that 100 measures of cyanogen require 200 of oxygen 
for complete combustion, that no water is formed, and that 
the products are 200 measures of carbonic acid gas and 100 
of nitrogen. Hence it follows that cyanogen contains its own 
bulk of nitrogen, and twice its volume of the vapour of car- 
bon. Consequently, since . 


Grains. 
100 cubic inches of nitrogen gas weigh ; | 29.652 
200 the vapour of carbon weigh 25.418 


100 cubic inches of cyanogen gasmust weigh . 55.070 
And it consists by weight of 


Nitrogen : 29.652 : 14 ‘ one atom. 
-Carbon A, 25.418 . . 12 4 two atoms. 


The specific gravity of a gas so constituted is 1.8054; where- 
as Gay-Lussac found it, by weighing, to be 1.8064. 

Cyanogen, from this view of its composition, is a bicarburet 
of nitrogen ; but for the sake of convenience I shall employ 
the term cyanogen, proposed by its discoverer.* All the com- 
pounds of cyanogen, which are not acid, are called cyanurets 
or cyanides. 

Cyanogen, though a. compound body, has a remarkable 
tendency to combine with elementary substances. Thus it 
is capable of uniting with the simple non-metallic bodies, and 
evinces a strong attraction for metals, When potassium, 
for instance, is heated in cyanogen, such an energetic action 
ensues, that the metal becomes incandescent, and a cyanuret. , 
of potassium is generated. The affinity of cyanogen for 
metallic oxides, on the contrary, 1s comparatively feeble, Ft | 
enters into direct combination with a few alkaline bases only, 
and these compounds are by no means permanent. From 


* From xdavos, blue, and yewew, I gencrate ; because it is an essential i ingre- 
dient of Prussian blue. 
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these remarks it is apparent that cyanogen has no’ claim to 
be regarded as an acid. | 


HYDROCYANIC OR PRUSSIC ACID. 


The prussic acid was discovered in 1782 by Scheele, and 
Berthollet afterwards ascertained that it contains carbon, ni-’ 
trogen, and hydrogen ; but Gay-Lussac first procured’ it in 
a pure state, and by the discovery of cyanogen was enabled 
to determine its real nature. 

Pure hydrocyanic or prussic acid may be prepared by heat- 
ing the cyanuret of mercury in a glass retort with two-thirds: 
of its weight of concentrated muriatic acid. By an inter- 
change of elements similar to that which was explained in the 
first process for forming sulphuretted hydrogen (p. 293), the 
cyanogen of the cyanuret unites with hydrogen, forming hy- 
drocyanic acid, while a muriate of the peroxide of mercury 
remains in the retort. 'The vapour of hydrocyanic acid, as 
it rises, is mixed with moisture and muriatic acid. It is se- 
parated from the latter by being conducted through a nar- 
row tube over fragments of marble, with the lime of which 
the muriatic acid unites. It is next dried by means of the 
chloride of calcium, and is subsequently collected in a tube 
surrounded with ice or snow. 

Vauquelin proposes the following process as affording a 
more abundant product than the preceding. It consists in 
filling a narrow tube, placed horizontally, with fragments’ of 
the cyanuret of mercury, and causing a current of sulphuret- 
ted hydrogen gas to pass slowly along it. The instant that gas 
comes In contact with the cyanuret; double decomposition en- 
sues, and hydrocyanic acid and the black sulphuret of mercury 
are generated. The progress of the sulphuretted hydrogen 
along the tube may be distinctly traced by the change of 
colour, and the experiment may be closed as soon as the 
whole of the cyanuret has become black. It then only re: 
mains to expel the hydrocyanic acid by a gentle heat, and 
collect it in a cool receiver. ‘This process is elegant, easy 
of execution, and productive. 

Pure hydrocyanic acid is a limpid colourless fluid, of a 
strong odour, similar to that of peach-blossoms. It excites 
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at first'a sensation of coolness’ on the tongue, which is soon 
followed by heat; but when diluted, it has the flavour of 
bitter almonds. Its specific gravity at 45° F. is 0.7058. It 
is SO exceedingly volatile, that its vapour during warm wea- 
ther may be collected over mercury. Its point of ebullition 
is '79° F., and at zero it congeals. When a drop of it is 
placed on a piece of glass, it becomes solid, because the cold 
produced by the evaporation of one portion is such as to 
freeze the remainder. It unites with water and alcohol in 
every proportion. 

Pure hydrocyanic acid is a powerful poison, A single 
drop of it placed on the tongue of a dog causes death in the 
course of a very few seconds; and small animals, when con- 
fined in its vapour, are rapidly destroyed. On inspiring 
the vapour, diluted with atmospheric air, headach and giddi- 
ness supervene ; and for this reason the pure acid shoula not 
be made in close apartments during warm weather. The dis: 
tilled water from the leaves of the Prunus lauro-cerasus owes 
its poisonous quality to the presence of this acid. 

Pure hydrocyanic acid, even when excluded from air and 
moisture, 1s very liable to spontaneous changes, owing to the 
tendency of its elements to form new combinations. _These 
changes sometimes commence within an hour after the acid is 
beste and it can rarely be preserved for more than two 
weeks. The commencement of decomposition is marked by 
the liquid acquiring a reddish-brown tinge. The colour 
then gradually deepens, a matter like charcoal subsides, and 
ammonia is generated. On analyzing the black matter, it was _ 
found to contain carbon and nitrogen. The acid may be 
preserved for a longer period if diluted with water, but even 
then it undergoes gradual decomposition. 

Hydrocyanic acid reddens litmus paper feebly, and unites 
with most alkaline bases, forming salts which are termed 
| prussiates or hydrocyanates. 1tis a weak acid ; for it does not 
decompose the carbonates, and no quantity of it can destroy 
the alkaline reaction of potassa. Its salts are poisonous; 
they are all decomposed by carbonic acid, and have the odour 
of hydrocyanic acid, a character by which the hydrocyanates 
may. easily be recognised. 

Hydrocyanic acid is resolved by galvanism into hydrogen 
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and cyanogen, the former of which appears at the negative, 
and the latter at the positive pole. When its vapour is con- 
ducted through a red-hot porcelain tube, partial decomposi- 
tion ensues. Charcoal is deposited, and nitrogen, hydrogen, 
and cyanogen gases are set at liberty ; but the greater part of 
the acid passes over unchanged, Electricity produces a si- 
milar effect. The vapour of hydrocyanic acid takes fire on 
the approach of flame; and with oxygen gas it forms a mix- 
ture which detonates with the electric spark. The products 
of the combustion are nitrogen, water, and carbonic acid. 
The composition of hydrocyanic acid is shown by the fol- 
lowing simple but decisive experiment of Gay-Lussac. Ifa 
quantity of potassium, precisely sufficient for absorbing 50 
measures of pure cyanogen gas, is heated in 100 measures 
of hydrocyanic acid vapour, the cyanuret of potassium. is 
generated, a diminution of 50 measures takes place, and the 
residue is pure hydrogen, From this it appears that hy. 
drocyanic acid vapour is composed of equal volumes of cy- 
anogen and of hydrogen, united without any condensation ; 
and, consequently, these two gases combine, by weight, ac- 
cording to the ratio of their densities. The composition of 
hydrocyanic acid may, therefore, be thus stated :— 


By Volume. By Weight. 
Cyanogen 650... . . 1.8054—26, one-atom. 
Hydrogen 50 - 0,0694 1, one atom. 


100 acid vapour. 
The atomic weight of hydrocyanic acid is 27. _'The specific 
gravity of its vapour is, of course, the mean of its constituents, 
or 0.9374; as determined directly by Gay-Lussac its density 
is 0.9476. 

From the powerful action of hydrocyanic acid on the ani- 
mal economy, this substance, in a diluted form, is sometimes 
employed medicinally. It may be procured of any given 
strength by dissolving the cyanuret of mercury in water, 
and passing a current "ie sulphuretted h ydrogen gas through 
the solution till the whole of the cyanuret 1s ai al 
The excess of sulphuretted hydrogen is removed by agita- 
tion with carbonate of lead, and the hydrocyanic acid is 
then separated from the insoluble matters by filtration, The 
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process adopted. at the Apothecaries’ Hall, London, is to 
mix ma retort one part of the cyanate of mercury, one: 
part of muriatic acid of specific gravity 1/15, and six. parts 
of water ; and to distil the mixture. The product has a den- 
sity of 0.995.. (Brande’s Manual of Chemistry, vol. i.) 

The quality of dilute hydrocyanic acid, however prepar- 
ed, is .very variable, owing to the volatility of the acid, 
and ,its tendency to spontaneous decomposition. On this 
account, it should be made only in small quantities at a 
time, kept in well-stopped bottles, and excluded from the 
light... The best way of estimating the strength of any solu- 
tion.is that proposed by Dr. Ure. 'To 100 grains, or any 
other convenient quantity of the acid, contained in a phial, 
small quantities of the peroxide of mercury in fine powder 
are successively added,, till it céases to be dissolved... The 
weight of the peroxide which is dissolved, divided by four, 
gives the quantity of real hydrocyanic acid present. (Quar- 
terly Journal, vol. xiil.) | 
| The presence of free hydrocyanie acid is easily recognised 
by its odour. Chemically it may be detected by agitating 
the fluid supposed to contain it with the oxide of mercury in 
fine powder. Double decomposition ensues, by which water 
and the cyanuret of mercury are generated. ; and on evaporat- 
ing the solution slowly, the latter is obtained in the form of 
crystals “ort 


CYANIC ACID. 


Chemists are acquainted with two acid compounds of cy- 
anogen and oxygen; and it is remarkable, that though the 
properties of these acids are quite different, their elements, 
according to the best analyses we possess, are united in the 
same proportion. That two or more different substances 
may be composed. of the same elements combined in the same 
ratio, is a fact which can hardly be questioned. (Page 288.) 
But since examples of the kind are as yet exceedingly rare, 
it will be proper, before admitting this similarity of compo- 
sition in the present instance, to suspend our judgment till 


the analysis of the two cyanic acids shall have been repeated 
x 
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and confirmed by other chemists. In the mean time, how- 
ever, I shall describe each under the term of cyanic acid. 

Cyanic acid of M. Wohler. It was stated by Gay-Lussac, 
in the essay already quoted, that cyanogen gas is freely ab- 
sorbed by pure alkaline solutions; and he expressed the opi- 
nion that the alkali combines directly with the cyanogen. It 
appears, however, from the experiments of M. Wohler, that, 
by decomposition of water, hydrocyanic and cyanic acids are 
formed under these circumstances ; and, consequently, that 
alkaline solutions act’ upon cyanogen in the same manner as 
on chlorine, iodine, and sulphur. But’ the salts of cyanic 
acid cannot conveniently be procured in this way, owing to 
the difficulty of separating the cyanate from the hydrocyanate 
that accompanies it. M. Wohler finds that the cyanate of 
potassa may be procured in large quantity by mixing the 
ferrocyanate of potassa with an equal weight of the peroxide 
of manganese in fine powder, and exposing the mixture to a 
low red heat. The cyanogen of the ferrocyanic acid receives 
oxygen from the manganese, and is converted into cyanie acid, 
which unites with the potassa. The ignited mass is then 
boiled in alcohol of 86 per cent. ; and as the solution cools, 
the cyanate is deposited in small tabular crystals like the 
chlorate of potassa. The only precaution pica os in this 
process is to avoid too high a temperature. 

The cyanic acid is characterized by the’ facility with which 
it is resolved by water into carbonic acid and ammonia. ‘This 
change is effected merely by boiling’ an aqueous solution of 
the cyanate of potassa; and it takes place still more rapidly 
when an attempt is made to decompose the cyanate by means 
of another acid. If the acid is diluted, the cyanic acid is 
instantly decomposed, and the carbonic acid escapes with 
effervescence. But, on the contrary, if a concentrated acid 
is employed, then the cyanic acid resists decomposition for 
a short time, and emits a strong odour of vinegar. 

The cyanic acid forms a soluble salt with baryta, but in- 
soluble ones with the oxides of lead, mercury, and silver. If 
the cyanate of potassa is quite pure, it gives a white precipi- 
tate with nitrate of silver, and the cyanate of silver so form- 
ed dissolves without residue in dilute nitric acid. 
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Cyanic acld, according to the analysis of M. Wohler, is — 
composed of 26 parts or one atom of cyanogen, and 8 parts 
or one atom of oxygen. (Annales de Chimie et de Physique, 
vol: xx. and xxvii.)) M. Liebig has attempted to prove that 
cyanic acid consists of one atom of cyanogen and half an 
atom of oxygen; and contends that it should be called cyan- 
ous acid ; but M. Wohler has repeated his own analysis, and 
confirmed his former result. 

The existence of cyanic acid was suspected by M. Vau- 
quelin before it was actually discovered by Wohler. The 
experiments of the former chemist led him to the opinion 
that a solution of cyanogen in water is gradually converted 
into hydrocyanic, cyanic, and carbonic acids, and ammonia; 
and he’ supposed alkalies to produce a similar change. He 
did not establish the fact, however, in a satisfactory manner. 
(An. de'Ch. et de Ph. vol. ix.) 

‘Cyanic acid of M. Liebig. A powerfully detonating com- 
pound of mercury was described in the Philosophical Tran- 
sactions for 1800 by Mr. E. Howard. It is prepared by 
dissolving 100 grains of ‘mercury in a measured ounce and a 
half of nitric acid of specific gravity 1.8; and adding, when 
the solution has become cold, two ounces by measure of al- 
cohol, the density of which is 0.849. The mixture is then 
heated till a moderately brisk effervescence takes place, dur- 
ing which the fulminating compound is generated. A simi- 
lar substance may be made by treating silver in the same man- 
ner. The conditions necessary for forming these compounds 
are, that the silver or mercury be dissolved in a fluid which 
contains so much free nitric acid and alcohol, that on the 
application of heat, nitric ether shall be freely disengaged. 

Fulminating silver and mercury bear the heat of 212° or 
even of 260° F. without detonating; but a higher tempera- 
ture, or slight percussion between two hard bodies, causes 
them to explode with violence. The nature of these com- 
pounds was discovered in 1823 by M. Liebig, * who demon- 
strated that they are salts composed of a peculiar acid, which 
he termed fulminic acid, in combination with the oxide of | 
_ mercury or of silver. According to an analysis of fulminat-’ 
ing silver made by MM. Liebig and Gay-Lussac,+ the acid” 

* Ann. de Ch. et de Ph. vol. xxiv. + Ibid. xxv. 
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of the salt is composed of 26 parts or one atom of cyanogen, 
and 8 parts or one atom of oxygen. It is therefore a real 
cyanic acid, and its salts may with propriety be termed cyan- 
ates. The fulminating silver is a cyanate of the oxide of sil- 
ver ; and is found to contain one atom of each element. 

It is remarkable that the oxide of silver cannot be entirely 
separated from cyanic acid by means of an alkali. On di- 
gesting the cyanate of silver in potassa, for example, one atom 
of the oxide of silver is separated, anda double cyanate 1s 
formed, which consists of two atoms of cyanic acid, one atom 
of the oxide of silver, and one atom of potassa. Similar com- 
pounds may be procured by substituting other alkaline sub- 
stances, such as baryta, lime or magnesia, for the potassa. 
These double cyanates are capable of crystallizing; and they 
all possess detonating properties. 

From the presence of the oxide of silver in the double cy- 
anates, it was at first imagined that this oxide actually consti- 
tutes a part of the acid; but since several other substances, 
such as the oxides of mercury, zinc, and copper, may he sub- 
stituted for that of silver, this view can no longer be admit- 
ted. 

The cyanic acid has not hitherto been obtained in an insu- 
lated form; for while some acids do not decompose the cy- 
anates, others act on the cyanic acid itself, and give rise to 
new products. Muriatic acid, for example, causes the forma- 
tion of hydrocyanic acid, and a new acid containing chlorine, 
carbon and nitrogen, the nature of which has not been de- 
termined. Hydriodic acid acts io a similar manner; anda 
peculiar acid is likewise produced by the action of sulphur- 
etted hydrogen, 


CHLOROCYANIC ACID. 


When chlorine gas is conducted into an aqueous solution 
of hydrocyanic acid tili the liquid acquires bleaching proper- 
ties, and the excess of chlorine is then removed ‘by agitation 
with mercury, two acids are obtained, one of which is the mu- 
riatic acid, and the other a compound of cyanogen and chlo- 
rine. The existence of this acid was first noticed by Ber- 
thollet, who called it oay-prussic acid, on the supposition of 


/ 
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its containing prussic acid and oxygen; but Gay-Lussac, hav- 
ing determined its real composition, proposed the more ap- 
propriate term of chloro-cyanic acid. 

The chlorocyanic acid has not hitherto been’ procured in 
a separate state. When first formed, it is mixed with muriatic 
acid and water ; and on heating the solution, a gas is expell- 
ed which may be collected over mercury, and which, om ex- 
amination, is found to be a mixture of chlorocyanic and car- 
bonic acids.. The presence of carbonic acid gas is owing to 
the circumstance that the heat employed to cpl the chloro- 
cyanic acid, excites reaction between the elements of that gas 
and of water, in consequence of which muriatic acid, am- 
monia, and carbonic acid are generated. 

It is not known with certainty whether pure chlorocyanic 
acid, at the common temperature and pressure, is liquid or 
gaseous. When mixed with carbonic acid, it is a colourless 
gas, which has a strong pungent odour, and excites a flow of 
tears. It is not inflammable, nor does it form. an explosive 
mixture with oxygen, unless a little hydrogen is added. It 
is absorbed by water, and forms with it a liquid which. red- 
dens litmus paper, and which does not give a precipitate either 
with nitrate of silver or with solution of pure baryta. It com- 
bines with alkalies, without decomposition ; but when an acid 
is added, brisk effervescence ensues, owing to the evolution 
of carbonic acid —Gay-Lussac has proved, that the chloro- 
cyanic acid, at the moment of being separated from an alkali, 
reacts upon water, and thus gives rise to the same change as 
is produced on its aqueous solution by heat. 

According to the analysis of M. Gay-Lussac, chlorocyanic 
acid gas is composed of equal volumes of chlorine and cyano- 
gen gases, united without any condensation; or, by weight, 
of 

Chlorine 8600 one atom. 
Cyanogen. 26 : one atom. 
The weight of its atom is therefore 62, and its density in 
the gaseous state must be 2.1527. ; 
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CYANOGEN AND IODINE. 


The cyanuret of iodine, which was discovered in 1824, by 
M. Serullas, (An, de Ch. et de Ph. vol. xxvii.) may be pre- 
pared by the following process :—T wo parts of the cyanuret 
of mercury and one of iodine, quite dry, are intimately and 
quickly mixed in a glass mortar, and the mixture is introduc- 
ed into a phial with a wide mouth. On applying heat, the 
violet vapours of iodine appear ; but as soon as the cyanuret 
of mercury begins to be decomposed, the vapour of iodine is 
succeeded by white fumes, which, if received in a cool glass 
receiver, condense upon its sides into flocks like cotton wool. 

The cyanuret of iodine, when slowly condensed, occurs in 
very long and exceedingly slender needles, of a white colour. 
It has a very caustic taste and penetrating, odour, and excites 
a flow of tears. It sinks rapidly in sulphuric acid. It is 
very volatile, and sustains a temperature much higher than 
212 F. without decomposition ; but is decomposed by a red 
heat. It dissolves in water and alcohol, and forms solutions 
which do not redden litmus paper. 

The cyanuret of iodine is decomposed. by a concentrated 
solution of potassa with formation of hydriodic and hydro- 
cyanic acids. As these compounds could only have been 
formed by the decomposition of water, the solution ought also 
to contain the iodic and cyanic acids; but M. Serullas did 
‘not succeed in detecting their presence. 

The sulpburous acid, when water is present, has a very 
powerful action on the cyanuret of iodine. On adding a few 
drops of this acid, iodine is set free, and hydrocyanic acid is 
produced; but when more of the sulphurous acid is‘employ- 
- ed, the iodine disappears, and the solution is found to contain 
hydriodic acid. These changes are of course accompanied 
with the formation. of sulphuric acid, and the decomposition 
of water. 

The cyanuret of iodine has not been analyzed with accu- 
racy ; but M. Serullas infers, from an approximative analysis, 
that it is composed of one atom of iodine and one atom of 
cyanogen. 
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FERROCYANTC ACID. 


The ferrocyanic acid has, within these few years, been the 
subject of able researches by Mr. Porrett, * Berzelius, + and 
M. Robiquet.{) Mr. Porrett recommends two methods for 
obtaining the ferrocyanic acid,;by one of which it is procur- 
ed in crystals, and by the other in.a state of solution. The 
first'‘process consists in dissolving 58 grains of crystallized 
tartaric acid in alcohol, and mixing the liquid with 50. grains 
of the ferrocyanate of potassa dissolved in the ‘smallest :pos- 
sible quantity of hot water... The bitartrate of potassa is pie- 
cipitated, and the clear solution, on’ being alluwed to evapo- 
rate spontaneously, gradually deposits ferrocyanic acid in the 
form of small cubic crystals of a yellow colour. In the se- 
cond process, the ferrocyanate of baryta, dissolved in’ water; 
is mixed with a quantity of sulphuric acid, which is. precisely 
sufficient for combining with the baryta. |The insoluble sul- 
phate of baryta subsides, and the ferrocyanic acid remains in 
solution.» According to Mr. Porrett, every ten grains of the 
ferrocyanate of baryta require so much liquid sulphuric acid 
as is equivalent to 2.53 grains of real acid. 

The ferrocyanic acid is neither volatile nor poisonous in 
small quantities, and has'‘no odour. It is gradually decom- 
posed ‘by exposure to the light, forming hydrocyanic acid 
and Prussian blue; but it»is far less liable to spontaneous 
decomposition than the hydrocyanic acid. It differs also 
from this acid by possessing the properties of acidity in a 
much greater degree. Thusit reddens litmus paper perma- 
nently, neutralizes alkalies, and separates the carbonic and 
acetic acids from their combinations. It even decomposes some 
salts of the more powerful acids. The peroxide of iron, for - 
example, unites with the ferrocyanic in preference to the sul- 
phuric acid, unless the latter is concentrated. 


y Philosophical Transactions for 1814 and 1815. Annals of Philosophy, 
vol. xiv. 

_ + Annales de Chimie et ae Physique, vol. xy. 

¢ Ibid. vol. xvii. 
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Different opinions have prevailed as to the nature of ferro- 
cyanic acid. Berzelius maintains that it is a super-bydrocy- 
anate of the protoxide of iron; but M. Robiquet has shown 
by arguments which appear to me unanswerable, that this 
supposition is inconsistent with the phenomena. The view 
which is now commonly taken of the composition of this acid, 
was suggested by an experiment made by Mr. Porrett. On 
exposing the ferrocyanate of soda to the agency of galvanism, 
the soda was observed to collect at the negative pole, while 
oxide of iron, together with the elements of hydrocyanic acid, 
appeared at the opposite end of the battery. From this he 
inferred, that the iron ‘does not act the part of an alkali in the 
salt, for on th&t supposition it should have accompanied the 
soda, but that it enters into the constitution of the acid itself. 
Mr. Porrett at first considered the iron to be in the state of 
an oxide; but he concludes from subsequent researches, that 
the ferrocyanic acid contains no oxygen, and that its sole ele- 
ments are carbon, hydrogen, nitrogen, and metallic iron. To 
the acid thus constituted, he proposes the name of. ferruretted 
* chyazic acid; but the term férro-cyanic acid introduced by 
the French chemists, is more generally employed. 

This view has the merit of accounting for the fact, that 
iron, though contained in ferrocyanic acid and all its salts, 
cannot be detected in them by the usual tests of iron. For 
the liquid tests are fitted only for detecting the oxide of iron 
as existing in a salt, and therefore cannot be expected to in- 
dicate the presence of metallic iron while forming one of the 
elements of an acid. We may now also understand how it 
happens that the ferrocyanic should actually contain the ele- 
ments of i Feist acid, and yet differ from it totally in 
its properties. 

According to the experiments of Mr. Porrett, dhs Fer 
anic acid is composed of one atom of iron, one atom of hydro- 
cyanic acid, and two atoms of carbon. M. Robiquet states, 
however, that its elements. are in such proportion as to form 
cyanuret of iron, and hydrocyanic acid ; and the result of his 
researches, together with the analysis of Berzelius, appears to 
justify the conclusion that the ferrocyanic acid is composed 


of 
* Chyazic from the initials of carbon, hydrogen, and azote. 
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Hydrogen. G DIB asthig “Agtomia: 
Tron . j% ; 1 atom. 
Cyanogen stisttio \pt biog cine yoSrayoms: 
or of | iw bios of 
. Hydrocyanic acid A 2 atoms. 
Cyanuret of Iron | shams yz 1 atom. * 


The ferrocyanic acid is, therefore, analogous to several 
acids, such as the ‘muriatic, hydriodic, and shydtosuipiuric 
-acids, alltof which contain hydrogen as an essential element, 
-and which for this reason: are termed hydracids. Under 
this point of view, the ferrocyanic acid may be regarded asa 
-compound ofa ‘certain radical and hydrogen. ‘This radical, 
which has not been obtained 1 in an insulated state, 1s com- 
ae of 


Oydtioges .  S atoms. ) |. o¢ Cyanogen - 2 atoms. 
oIron. © . ©l atom, se eos of iron 1 atom. 


ada the acid ‘the? consists of one atom of the radical and two 
atoms of hydrogen. 

The salts of ferrocyanic acid were once called triple prus- 
states, on the supposition that they. are composed of prussic 
or hydrocyanic acid, in combination with the oxide: of iron 
and some other alkaline base. ‘They are now termed ferro- 
cyanates. ‘The beautiful dye, Prussian blue, is a ferrocyan- _ 
ate of the’peroxide of iron. It is always formed when ferro- 
cyanic acid or its salts are mixed in solution with a per-salt 
of iron ; and for this reason the per-salts of iron, provided no 
free alkali is present, afford a certain and an extremely deli- 
cate test of the presence of ferrocyanic acid. 


SULPHOCYANIC ACID. 


The sulphocyanic acid was discovered in 1808 by Mr. 
Porrett, who ascertained that it is a compound of sulphur, 
arbon, hydrogen, and nitrogen, and described it under the 
name of sulphuretied chyazic acid. It is now more common- 


* See a notice on the Triple Prussiates in the An. de Ch. et de Ph. vol. xxii. 
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ly called sulpho-cyanic acid, and its salts are termed sulpho- 
cyanates. | 

The. sulphocyanic acid is obtained by mixing’ so much 
sulphuric acid with a concentrated solution of the sulpho- 
cyanate of potassa as is sufficient to neutralize the alkali, and 
then distillmg the mixture. An acid liquor collects in the 
recipient, which is sulphocyanic acid dissolved in water, 
and the sulphate of potassa remains in the retort. 

The sulphocyanic acid, as thus prepared, is a transparent 
liquid, which is either colourless or has a slight shade of pink. 
Its odour is somewhat similar to that of vinegar. The strong- 
est solution of it which Mr. Porrett could obtain had a speci- 
fic gravity of 1.022. It boils at 216°.5 F.; and at 54°.5 F. 
crystallizes in six-sided prisms, 

The sulphocyanic acid reddens litmus paper, and forms 
neutral compounds with alkalies. Its presence, whether free 
or:combined, is easily detected by a per-salt of iron, with the 
oxide of which it unites, forming a soluble salt of a deep 
blood-red colour. With the protoxide of copper it yields a 
white salt, which is insoluble in water. 

According to the analysis of Mr. Porrett, (Annals of Phi- 
losophy, vol, xii.) which is confirmed by that of Berzelius, 
(An. de Ch. et de Ph. vol. xvi.) the sulphocyanic acid is 
composed of 


Cyanogen ‘ 26 - one atom. 
Sulphur : 32 .  twoatoms. 
Hydrogen q 1 . one atom. 


or of | 
Bisulphuret of Cyanogen 58 . ~~ or one atom. 


Hydrogen é 1... or one atom. 


The sulphocyanic acid is, therefore, a hydracid; and 
though its radical, the bisulphuret of cyanogen, has not been 
obtained in a separate state, it is capable, like the radicals of 
all the other hydracids, of combining with metallic sub- 
stances. 

Berzelius also succeeded in proving the existence of a sele- 
nio-cyanic acid, though he could not separate it from its com- 
bination with potassa. It is likewise a hydracid, and its ra- 
dical isa seleniuret of cyanogen. 
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SECTION VII.. 
. COMPOUNDS OF SULPHUR. 
BISULPHURET OF CARBON. 


. Tuts substance, was, discovered accidentally in, 1796), by 
Professor Lampadius, who regarded it.as a compound of sul- 
phur and hydrogen, and termed.it alcohol of sulphur. .. Clé- 
ment and. Desormes first declared it to be a sulphuret, of car- 
bon, and. their statement was fully confirmed by the joint re- 
searches of Berzelius and. the late Dr. Marcet. (Philos. Trans. 
for 1813.) . , 

The sulphuret of carbon may be obtained by heating. in 
close vessels the native bisulphuret of iron, (iron pyrites) with 
one-fifth of its weight of.,well-dried charcoal; or by passing 
the vapour, of sulphur over fragments of charcoal heated,,to 
redness in.a tube of porcelain. The compound, as it forms, 
should be.conducted,by means of a glass tube into cold water, 
at. the bottom of which it is collected, . 'To free it from, mois- 
ture and adhering sulphur, it should be distilled at alow tem- 
perature in contact with the chloride of calcium... \\..., 

The bisulphuret of carbon is a. ‘transparent colourless lie 
quid, which is remarkable for its high refractive power. Its 
specific gravity is 1.272, It has an acrid, pungent, and some- 
what aromatic taste, and a very fetid odour. It is exceeding- 
ly volatile;—aits vapour at 63°.5 F.. supports acolumn.of mer- 
cury, 7.36 inches long; and at 110° F. it enters into. brisk 
ebullition. From its great volatility it may be employed for 
producing an intense degree of cold. 

The bisulphuret of carbon is very inflammable, and kindles 
in the open air at a temperature scarcely exceeding that at 
which mercury boils, It burns with a pale blue flame. , Ad- 
mitted into a vessel of. oxygen gas, so much vapour rises as 
to form an explosive mixture. It dissolves readily in, alcohol 
and ether, and is precipitated from the solution by, water. It 
dissolves phosphorus, and. iodine, and the solution, of the latter 
has a beautiful pink colour. .Chlorine.decomposes it,,. with 
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formation of the chloride of sulphur. The pure acids have 
little action upon it. With the alkalies it unites slowly, form- 
ing compounds which Berzelius calls carbo-sulphurets. It 
is converted by strong nitro-muriatic acid into a white crys- 
talline substance like camphor, which Berzelius considers to 
be a compound of muriatic, carbonic, and sulphurous acid 
gases. | 

Xanthogen and Hydroxanthic acid._M. Zeise, Professor 
of chemistry in Copenhagen, has lately discovered some novel 
and interesting facts, relative to the bicarburet of sulphur. 
When this fluid is agitated with a solution of pure potassa in 
strong alcohol, the alkaline properties of the potassa disappear 
entirely; and on exposing the solution to a temperature of 
32° F. numerous acicular crystals are deposited. M. Zeise 
attributes these phenomena to the formation of a new acid, 
the elements of which are derived, in his opinion, partly from 
the alcohol, and partly from the bisulphuret of carbon. He 
regards the acid as a compound of carbon, sulphur, and hy- 
drogen. He supposes it to be a hydracid, and that its radi- 
cal is a sulphuret of carbon. To the radical of this hydracid 
he applies the term Yanthogen, (from Favbos yellow, and yewaw 
I generate,) expressive of the fact that its combinations with 
several metals have a yellow colour. The acid itself is called 
hydroxanthic acid, and its salts hydroxanthates. 'The crystals 
deposited from the alcoholic solution are the hydroxanthate 
of potassa. 

There is no doubt of a new acid being generated under 
the circumstances described by M. Zeise; but since he has 
not procured xanthogen in an insulated form, nor even de- 
termined with certainty the constituent principles of the hy- 
droxanthic acid, there exists considerable uncertainty as to 
its real nature. On this account I refer the reader to the 
original, essay for more ample details concerning it. (An. de 
Ch. et de Ph. vol. xxi.; and Annals of Philosophy, N. 3. 
vol. iv.) 

Sulphuret of Phosphorus.x—When sulphur is brought in- 
to contact with fused phosphorus, they unite readily, but 
in proportions which have not been precisely determin- 
ed; and they frequently react on each other with such 
violence as to cause an explosion. For this reason the 

4 
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experiment should be made)with a quantity of phosphorus 
not ‘exceeding thirty or’ forty grains. The phosphorus is 
placed in a glass tube, five or six inches long, and about half 
an inch wide, and when by a gentle heat it is liquefied, the 
sulphur i is added to it in successive small portions. Caloric 
is evolved at the moment of combination, and sulphuretted 
shydrogen and phosphoric acid, owing to the presence of mois- 
ture, are generated. ‘This compound may also be made by 
agitating the flowers of sulphur with fused phosphorus under 
water.- The temperature ‘should not exceed 160° F.; for 

. sthetina sulphuretted hydrogen and_ phosphoric acid would 
be evolved so freely as to prove dangerous, or at least to in- 
terfere. with the success of the process. 

The sulphuret of phosphorus, from the nature of its ele. 
ments, is highly combustible. It is much more fusible than 
phosphorus. A compound made by Mr. Faraday, with about 
five parts of sulphur to seven of Bogeporae was quite fluid 
at 32° F., and did not solidify at 20° F. (Quarterly Journal, 
vol. iv.) 


SECTION VIIL 


COMPOUNDS OF SELENIUM. 
SULPHURET OF SELENIUM. 


Wuen sulphuretted hydrogen gas is conducted into a solu- 
tion of selenic acid, an orange-coloured precipitate subsides, 
which is a sulphuret of selenium. It fuses at a heat a little 
above 212° F., and at a still higher temperature may be sub- 
limed without change. In the open air it takes fire when 
heated, and sulphurous, selenious, and selenic acids are the 
products of its combustion. The alkalies and alkaline hy- 
drosulphurets dissolve it. Nitric acid acts upon it with diffi- 
culty; but nitro-muriatic acid converts it into sulphuric and 
‘selenic acids. (Annals of Philosophy, vol. xiv.) According 
to Berzelius, this sulphuret is composed of 
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Selenium : 40. one atom. 
Sulphur . 24...’ one atom and a half. 


Selenium and sulphur combine readily by the aid of heat, 
but it is difficult in this way to obtain a definite compound. 


PHOSPHURET OF SELENIUM. 


The phosphuret of selenium may be. prepared in the same 
manner as the sulphuret of phosphorus; but as selenium is 
capable of uniting with phosphorus in several] proportions, the 
compound formed by fusing them together can hardly be 
supposed to be of a definite nature. ‘This phosphuret is very 
fusible, sublimes without change in close vessels, and is in-« 
flammable. It decomposes water gradually when digested in 
it, giving rise to seleniuretted hydrogen, and one of the 


acids of phosphorus. _ (Annals of Philosophy, vol. xiv.) 
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METALS. 


GENERAL PROPERTIES OF METALS. 


Merats are distinguished from other. substances by the fol- 
lowing properties. They are all conductors of electricity 
and caloric. When combined with oxygen, chlorine, iodine, 
or sulphur, and the resulting compounds are submitted: to. 
the action of galvanism, the metals always appear at the ne- 
gative side of the battery, and for this reason are said to be 
positive electrics. They are quite opaque, refusing a passage 
to light, though reduced to very thin leaves. ‘They are in 
general good reflectors of light, and possess a peculiar lustre, 
which is termed the metallic lustre.—Every substance in which 
these characters reside may be regarded as a metal. 

The number of metals, the existence of which is admitted. 
by chemists, amounts to forty. The following table contains 
the names of those that have been procured in a state of pu- 
rity, together with the date at which they were discovered, 
and the names of the chemists by whom the discovery was 
made, — . 


Table of the Discovery of Metals. 


Names of Metals. Authors of the Discovery. Bootes 
Gold ° , 
Silver. hs 
Bron 6 byes url ite . 
Copper Known to the Ancients 
Mercury . aia 
Lead . ortTs - 
Tin * aT age eae ‘ 
Antimony . .« |Described by Basil Valentine = ~—— 15thcentury 
Zine . «+ {Described by Agricola in a: 1520 
Bismuth . . |First mentioned by Paracelsus 16th century| 
eee ie °° \ Brandt, asta ahiemneidges ae 6 
Platinum . |Wood, Assay Master, Jamaica . 1741 
Nickel . . \Cronstedt ai, : : 1751 
Manganese . |Gahn and Scheele +e . : TT! 
Tungsten . |M. M. D’Elhuyart ARR SE, 1781 
Tellurium - |Miller : : 1782 


Molybdenum . .{|Hielm —_. A . : 1782 
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Dates of the 


Names of Metals. Authors of the Discovery. Discovery. 
Uranium - . |Klaproth ‘ 1789 
Titanium - . {Gregor ° . ° 1791 
Chromium . « |Vauquelin ‘ . 1797 
Columbium ._ . |Hatchett . . . 1802 
Sa * * || Dr. Wollaston 1803 
Iridium . . .» |Descotils and Smithson Tennant 1803 
Osmium . . {Smithson Tennant 1803 
Cerium . . « |Hisinger and Berzelius 1804 
Potassium 
Sodium... . 

Barium . . . | }Sir H. Davy 1807 
Strontium . 

Calcium . a 
Cadmium - . |Stromeyer : 1818 
Lithium . .° & JArfwedson — . ‘ 1818 
SHUR 5 « te TF by \ Berzelins . 1824 


Zirconium 


“Most of the metals are remarkable for their great specific 
gravity, some of them, such as gold and platinum, which are 
the densest known bodies in nature, being more than nine-' 
teen times heavier than an equal bulk of water. Great den- 
sity was once supposed to be an essential character of metals; 
but the discovery of potassium and sodium, which are so light 
as to float on the surface of water, has shown that this ‘sup- 
position is erroneous, Some metals experience an increase of 
density to a certain extent when hammered, their particles 
being permanently approximated by the operation. On this 
account the specific gravity of some of the metals contained 
in the following table, is represented as varying between two 
phil — 


Table of the Specific gravity of Metals, at 60° ahr. 
compared to water as unity. © 


Platinum . : 20.98 : 3 Brisson 
Gold. . ei pans 19.257... ‘ Do. 
Tungsten ° * 17.6 Phy: ite D’Elhuyart 
Mercury : : 13.568. . Brisson 
Palladium . : 1L3toll8 -« Wollaston 
Lead ‘ ° 11.352 . . Brisson 
Silver ; . 10.474 . ° Do. ' 
Bismuth ‘ - DOSE fie wi oe Do 
Dranium ° : 9.000. ° Bucholz 
Gopper |.) 4 Maat Hatchett 
Cadmium : : 8.604 . ° Stromeyer 


Cobalt . ° . 8.538 . . Haiiy 
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Arsenic. 8.308 . . Bergmann 
Nickel . . ° 8.279 : ; Richter 


Tron ‘ . . 7.788 : . Brisson 

Molybdenum ; 7.400 . ° Hielm 

wees . ~ ” 7.291 : Brisson 

Mines" ; 6.861 to 7.1 ~ Do. 

Manganese . . 6.850-  . . Bergmann 

Antimony . ° 6.702 ° : Brisson 

Tellurium . : 6.115 . E Klaproth 

Titanium . : 5.3 Wollaston 

Cerium ; ° 4.489 to 4.619 Hisinger and Berzelius 


Sodium ‘ ° 0.972 ° Seat | Gay-Lussac and 
Potassium . 0.865 Thénard 


Some metals possess the property of madleability, that is, 
admit of being beaten into thin plates or leaves by ham- 
mering.. The malleable metals are gold, silver; ‘copper, 
tin, platinum) palladium, cadmium, lead, zinc, iron, nickel, 
potassium, sodium, and frozen mercury. ‘The other metals 
are either malleable in a very small degree only, or, like anti- 
mony, arsenic, and bismuth, are actually brittle, Gold sur 
passes all metals in malleability :—-one grain of it may be ex- 
tended so as to cover about 52 a inches of surface, and 
to have a thickness not exceeding sgqth of an inch. 

Nearly all malleable metals may be drawn out into wires, ‘a 
property which is expressed by the term ductility. The only 
metals which are remarkable in this respect are gold, silver, 
platinum, iron, and copper. — Dr. Wollaston has described a 
method by which gold wire may be obtained so fine that’ its 
diameter shall be only sapth of an inch, and that 550 feet of 
it are required to weigh one grain. He has obtained a pla- 
tinum wire so small, that its diameter did not exceed south 
of an inch. (Philos, Transactions for 1813.) It is singular 
that the ductility and malleability of the same metal are not 
always in proportion to one another. Iron, for example, can- 
not be made into fine leaves, but it may be drawn into wee? 
small wires. . ale. 

The tenacity of metals is measured by nacdetatisitis ‘the 
greatest weight which a wire of a certain thickness can sup+ 
port, without breaking. According to the experiments of 
Guyton-Morveau, whose results are comprised in the follow- 
ing table, iron, in point of tenacity, surpasses all other metals, — 

Y 
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The diameter of each wire was 0.787th of .a line. 


\ 


Pounds. 
Iron wire supports - - - - 549.25 
Copper - - - » - - 302.278 
Platinum - - - - - (274.32 
Silver - - - - - ~ 187.137 
Gold oS ree - > - - 150.753 
ZiMe. = - - - - - 109.54 
Tin mre ie - - arian ep 34.63 
Lead - ~ - : . -. 27.621 


The metals differ also in hardness, but I am not aware that 
their exact relation to one another, under this point of view, 
has been determined by experiment. In the list of hard me- 
tals may be placed titanium, manganese; iron, nickel, copper; 
zine, and palladium. Gold, silver, and platinum are softer 
than these; lead is softer still, and potassium and sodium 
yield to the pressure of the fingers. ‘The properties of elas- 
ticity and sonorousness are allied to that of hardness: Iron 
and copper are in these respects the most conspicuous. 

Many of the metals have a distinctly crystalline texture. 
Iron, for example, is fibrous; and zinc, bismuth, and anti- 
mony, are lamellated. Metals are sometimes obtained also 
in. crystals; and when they do crystallize, they always as- 
sume the figure of a cube, the regular octahedron, or some 
form allied to it... Gold, silver, and copper occur naturally in 
crystals, while others crystallize when they pass gradually 
from the liquid to the solid condition. Crystals are most 
readily procured from those metals which fuse at a low tem- 
perature; and bismuth, from conducting caloric less perfect- 
ly than other metals, and therefore cooling more slowly, is best 
fitted for the purpose. The process should be conducted in 
the way already described for forming crystals of sulphur. 
(Page 212.) 

The metals, with the exception of mercury, are solid at 
common temperatures; but they may all be liquefied by heat. 
The degree at which they fuse, or their point of fusion, 1s very 
different for different metals, as will appear by mnapecingy the 
following table. (Thénard’s Chemistry, vol.i.) 


- 
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Table of the fusibility é different M fala 


ied Fahr. 
| ere . . », ——39° Different Chemists. , 
Potassium 2 eo eae t 
uit, Joh oleniannin ec and Thénard. . 
Tin - : - . 430 
Bismuth... 498 L newton. 
{ Lead war hy - 600 Biot. 
geri) tei . Tellurium—rather less fu- 
‘ sible than lead . ; Klaproth. 
Arsenic—undetermined. 
Zine : 698  Brongniart. 
Antimony—a little below 
a red heat. 
Cadmium ° sides! Stromeyer. 


Pyrometer of Wedgwood. 
Silver ‘ q e pe Kennedy. 


Copper. ‘ ‘ 

Gold . ae a Wedgwood. 

Cobalt—rather leks fukiBle te 
than iron. 

(aa , ; 130 Wedgwood. 


158  Mackeuzie. 
Manganese > + 160 | Guyton. 
Nickel—the same as Man- 


ganese” dies beat a Richter. 
Infusible belowa / Palladium. 
red peat. Molybdenum Almost infusible, and ) pushle before the 


Uranium ¥ not to be procured in 
Tungsten buttons by the heat of 
Chromium a smith’s forge. 
Titanium) 

Cerium 


att emtusy Infusible in the heat of a smith’s forge, but 
Iridium 


-Rhodium....{ fusible before the oxy-hydrogen blowpipe. 


oxy-hydrogen 
blowpipe. 


Platinum 
Columbium © 

The metals differ also in volatility. Some are readily vo- 
latilized by caloric, while others are of so fixed a nature that 
they may’ be exposed to the most intense heat of a wind fure 
nace without being dissipated in vapour. There are seven 
metals the volatility of which has been’ ascertained with cer- 
tainty 5 ; namely, cadmium, mercury, arsenic, tellurium, potas- 
sium, sodium and zine, 

The metals cannot be resolved into more simple parts, and 
therefore, in the present state of chemistry, they must be re- 
garded as elementary bodies. It was formerly conceived that 
they might be converted into one another; and this notion 
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led to the vain attempts of the alchemists to convert the baser 
metals into gold. The chemist has now learned that his sole 
art consists in resolving compound bodies into their elements, 
and causing substances to unite which were previously un- 
combined. There is not a single fact in support of the 
opinion that one elementary principle can assume the pro- 
perties peculiar to another. 

Metals have an extensive range of affinity, and on this ac- 
count few of them are found in the earth native, that is, in 
an uncombined form, They commonly occur in combina- 
tion with other bodies, especially with oxygen and sulphur, 
in which state they are said to be mineralized. It is a singu- 
Jar fact in the chemical history of the metals that they are little 
disposed to combinein the metallic state with compound bodies. 
Chemists are not acquainted with any instance of a metal com- 
bining either with a metallic oxide or with an acid. They unite 
readily, on the contrary, with elementary substances. ‘Thus, 
under favourable circumstances, they combine with one ano- 
ther, forming compounds termed alloys, which possess all the 
characteristic properties of the pure metals. They unite like- 
‘ wise with the simple substances not metallic, such as oxygen, 
~ ehlorine, and sulphur, giving rise to new bodies in which the 
metallic character is wholly wanting. In all these combina- 
tions the same tendency to unite in a few definite propor- 
tions is conspicuous as in that department of the science of 
which I have just completed the description. The chemical 
changes are regulated by the same general laws, and in de- 
scribing them the same nomenclature is applicable. 

The method which I propose to adopt in treating the me- 
tallic bodies has already been explained in the introduction. 
Before. proceeding, however, to describe the metals indivi- 
dually, I shall make some general observations by which the 
study of this subject will be much facilitated. 

Metals are of a combustible nature, that is, they are not 
only susceptible of slow oxidation, but, under favourable cir- 
cumstances, they unite rapidly with oxygen, giving rise to,all 
the phenomena of real combustion. Zinc burns with a bril- 
liant flame when heated to full redness in the open air; iron 
emits vivid scintillations on being inflamed.in an atmosphere 
of oxygen gas; and the least oxidable metals, such as gold 
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and platinum, scintillate in a similar manner when heated by: 
the oxy-hydrogen blow-pipe. 

~The product either of the slow or rapid oxidation of a 
metal, when heated in the air, has an earthy aspect, and was 
called a cala by the older chemists, the process of forming it 
being expressed by the term calcination. Another method 
of oxidizing metals is by deflagration ; that is, by mixing 
. them with the nitrate or chlorate of potassa, and projecting 
the mixture into a red-hot crucible. Most metals may be 
oxidized by digestion in nitric acid ; ; and nitro-muriatic acid 
is an oxidizing agent of still greater power. 

Some metals unite with oxygen in one proportion only, but 
most of them have two or three degrees of oxidation. Metals 
differ remarkably in their relative forces of attraction for oxy- 
gen, Potassiuin and sodium, for example, are oxidized by 
mere exposure to the air; and they decompose water at all 
temperatures the instant they come in contact with it. Iron 
and copper may be preserved in dry air without change, nor 
can they decompose water at common temperatures; but 
they are both slowly oxidized by exposure to a moist atmo- 
sphere, and combine rapidly with oxygen when heated to red- 
ness in the open air. Iron has a stronger affinity for oxygen 
than copper ; for the former decomposes water at a red heat, 
whereas the latter cannot produce that effect. Mercury is 
less inclined to unite with oxygen than copper, Thus it may 
be exposed. without change to the influence of a moist atmos 
sphere. At a temperature of 650° or 700° F. it is oxidized ; 
but at a red heat it is reduced to the metallic state, while the 
oxide of copper can sustain the strongest heat of a blast fur- 
nace without losing its oxygen. The affinity of silver is still 
weaker than that. of mercury for oxygen; for it cannot be 
oxidized by the sole agency of caloric at any temperature. 

Metallic oxides suffer reduction, or may be reduced to the 
metallic state in several ways: 

1. By heat alone. By this method the oxides of gold, sil- 
ver, mercury, and platinum, may be decomposed. 

2, By the united agency of heat and combustible matter, 
Thus, by conducting a current of hydrogen gas over the 
oxides of copper or of iron heated to redness in a tube of 
porcelain, water is generated, and the metals are obtained in 
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va pure form. » Carbonaceous matters are likewise used for the 
purpose with great success. Potassa’and soda, for example, 
«may be decomposed by exposing them to a white heat after 

- being intimately mixed with charcoal'in fine powder. A si- 
milar process is employed in metallurgy for procuring the 
‘metals from their ores, the inflammable materials being wood, 
charcoal, coke, ot coal. In the more delicate operations of 
the haba toy charcoal and the black flux are preferred. © 

3. By the galvanic battery. This is a‘ still more power- 
iful agent than the preceding; since some oxides, such as ba- 
ryta and strontia, which resist the united influence of heat and 

‘charcoal, are reduced by the agency of galvanism. 

4. By the action of deoxidizing agents on metallic solu- 
-tions. The phosphorous acid, for example, when added to a 
liquid containing the oxide of mercury, deprives the oxide of 
its oxygen, metallic mercury subsides, and phosphoric acid is 
generated. In like manner, one metal may be precipitated by 
another, provided the affinity of the latter for oxygen exceeds 
that of the former, Thus, when mercury is added to a solu- 
-tion of the nitrate of the oxide of silver, metallic’ silver is 
-thrown down, and oxide of mercury is dissolved by the nitric 
acid. On placing metallic copper in the liquid, pure mercury - 
subsides, and a nitrate of the oxide of copper is formed ; and 
‘from this solution metallic copper may be’ precipitated 7 
“means of iron. 

Metals, like the simple non-metallic bodies, may give rise 
‘to oxides or acids by combining with oxygen. The former 
are the most frequent products. Many metals form oxides, _ 
which are not acidified by oxygen; whereas one metal only, 
arsenic, 1s capable of forming an acid and not an oxide. All 
the other metals which are convertible into acids by oxygen, 
such as chromium, tungsten, and molybdenum, are also sus- 
ceptible of yielding one or more oxides.- In these instances, 
the acids always contain a larger quantity of oxygen than 
the oxides of the same metal. 

The distinguishing feature of the metallic oxides is the pro- 
perty possessed by many of them of entering into combination 
with acids. All salts, those of ammonia excepted, are com- 
posed of an acid and a metallic oxide. In some instances all 
the oxides of the same metal are capable of forming salts with 
acids, as is exemplified by the oxides of iron, More com- 
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monly, however, the protoxide is the sole alkaline or salifiable | 
base. . Most of the metallic oxides are insoluble in water; but 
all those that are soluble have the property of giving a brown 
stain to the yellow turmeric paper, and of restoring the blue 
melo of reddened litmus. 


hissing has.a powerful affinity for metallic substances. It 
combines. readily with most metals at common temperatures, 
and the action is in many instances so violent as to be accom- 
panied with the evolution of light. For example, when pow- 
dered zinc, arsenic, or antimony, is thrown into a jar of chlo- 
rine gas, the metal is instantly inflamed. The attraction of © 
chlorine even surpasses that of oxygen for metals. ‘Thus, 
when chlorine is brought into contact at a red heat with 
pure lime, magnesia, baryta, strontia, potassa, or soda, oxy- 
gen is emitted, and a chloride of the metal is generated, the 
elements of which are so strongly united, that no temperature 
hitherto tried can separate them. All other metallic oxides 
are, with few exceptions, acted)on in the same manner by 
chlorine, and in some cases the change takes place below i ig- 
nition. : | 

_ All the metallic chlorides are solid at the common tenipane 
ature, except the bichlorides of tin and of arsenic, which 
are liquid. They are fusible by heat, assume a crystalline 
texture in cooling, and, under favourable circumstances, crys- 
tallize with regularity. Several of them, such as the chlo- 
rides of tin, arsenic, antimony, and mercury, are volatile, and 
-may be sublimed without change.. They are for the most 
part colourless, do not possess the metallic lustre, and. have 
the aspect of salt. Two of the chlorides are insoluble in wa- 
ter, namely, the chloride of silver and the protochloride of 
mercury :—the others are affected by that fluid in a may 
which will shortly be considered. 

‘Two only of the metallic chlorides, those namely of gold , 
and platinum, are decomposable by heat. All the chlorides | 
of the common metals are decomposed at a red heat by hy- : 
drogen gas, muriatic acid being disengaged while the metal is 
set free. Pure charcoal. does not effect. their decomposition ; 
but. if moisture be present at the same time, muriatic and car- 
bonic acid gases are formed, and the metal remains... 
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» Chlorine manifests a feeble affinity for metallic oxides. No 
‘combination of the kind can occur at a red heat, and no chlo- 
ride of a metallic oxide can be heated to redness without de- 
‘composition. Such compounds can only be formed at low 
temperatures; and they are possessed of little permanency. It 
is well known that chlorine may combine under favourable cir- 
cumstances with the alkalies and alkaline earths; and Mr. 
-Grouvelle has succeeded in making it unite with magnesia, and 
the oxides of zinc, copper, and iron. (An. de Ch. et de Ph, 
-vol. xvii.) Of these chlorides, that of potassa may be taken as 
-an example. If chlorine is conducted into a dilute and cold 
solution of pure potassa, the chloride of that alkali will be pro- 
duced; but the affinity which gives rise to its formation is not 
sufficient for rendering it permanent. It is destroyed by most 
substances that act on either of its constituents.» Thus, the 
caddition of an acid has this effect by combining with the al- 
kali, and hence the carbonic acid of the air tends to decom- 
“pose it. Animal or vegetable colouring matters are fatal to it, 
‘by giving chlorine an opportunity to exert its bleaching pow- 
-er ; and, indeed, the colour is removed by the chloride of po- 
tassa as scghils as by a solution of chlorine in pure water. It 
is also destroyed by the action of heat; nor can its solution 
be concentrated without decomposition; for, in either case, 
the muriatic and chioric acids are generated. (P. 237.) 


- Todine has a strong attraction for metals; and most of the 
compounds it forms with them sustain a red heat in close ves- 
‘sels without decomposition. But in the degree of its’ affinity 
for metallic substances it is inferior both to chlorine and oxy- 
~gen. We have seen that chlorine has a stronger affinity for 
‘metals than oxygen, since it decomposes nearly all oxides at 
high temperatures; and it separates iodine also from metals 
under the same circumstances. If the vapour of iodine is 
‘brought into contact with potassa, soda, protoxide of lead, 

or the oxide of bismuth, heated to redness, oxygen gas is 
evolyed, and an iodide of these metals will be formed. But 
iodine, so far as is known, cannot separate oxygen from any 
other metal ; nay, all the iodides, except those just mention- 
ed, are decomposed by exposure to oxygen gas at mete tem- 
perature of ignition. 
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~ When the vapour of iodine is conducted over red-hot lime, 
baryta, or strontia, oxygen is not disengaged, but an iodide of 
those oxides, according to Gay-Lussac, is generated. The 
iodides of these oxides are therefore more permanent than the 
‘analogous’ compounds with chlorine. Iodine does not combine 
with any other oxide under the same circumstances; and indeed 
all other such iodides, very few of which exist, are, like the 
chlorides of oxides, possessed of little permanency, and: are 
decomposed by a red heat. 

' The action of iodine on metallic oxides, when dissolved or 
suspended in water, is precisely analogous to that of chlorine. 
On adding iodine to a solution of the pure alkalies or alka- 
line ‘earths, water is decomposed, and ee hydriodic and iodic 
wires are generated. 


iGaipleaty like chlorine and iodine, has a strong tendency 
to unite with metals. The combination may be effected in 
several ways : 

« 1. By heating the metal directly with sulphur. The me- 
tal, inthe form of powder or filings, is mixed with a due pro- 
portion of sulphur, and the mixture is then heated in an 
earthen crucible, which is covered to prevent the access of 
air. Or if the metal can sustain a red heat without fusing, 
the vapour of sulphur may be passed over it while heated to 
redness in a tube of porcelain. ‘The act of combination, 
which frequently ensues below the temperature of ignition, is 
attended by a free disengagement of caloric ; and, in several 
instances the heat evolved is so great, that the whole mass 
becomes luminous and shines with a vivid light. This ap- 
pearance of combustion, which occurs quite independently of 
the presence of oxygen, is exemplified by the sulphurets of | 
potassium, sodium, copper, iron, lead, and bismuth. 

_ 2, By igniting a mixture ofea metallic oxide and sul- 
phur.. The sulphurets of the common metals may be made 
by this process. \'The elements of the oxide unite with separ- 
ate portions of sulphur, forming sulphurous acid gas, which 
is disengaged, and a metallic sulphuret which remains in the 
retort. . 

o3. By dcieibaing the sulphate wf an oxide of its oxygen 
by means of heat and combustible matter. Charcoal or hy- 
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drogen gas may be employed for the purpose, as will be de- 
‘scribed immediately. 

4, By sulphuretted hy droga, or an alkaline Seslaeit- 
phuret. Nearly all the salts of the common metals are decom- 
posed when a current of sulphuretted hydrogen gas is con- 
ducted into their solutions. The salts of uranium, iron, man- 
ganese, cobalt, and nickel, are well-known exceptions; but 
these also are precipitated by the hydrosulphuret of ammonia 
or potassa. 

The sulphurets are opaque brittle solids, many of sghich, 
such as the sulphurets of lead, antimony, and iron, have a 
metallic lustre. They are all fusible by heat, and common- 
ly assume a crystalline texture in cooling. _ Most of them are 
fixed in the fire; but the sulphurets of mercury: and. arsenic 
are remarkable for their volatility. All the sulphurets, ex- 
cepting those which are formed of the metallic bases of the 
alkalies and earths, are insoluble in water. 

Most of the protosulphurets are capable of supporting an 
intense heat without decomposition ; but those which contain 
more than one atom of sulphur, lose a part of it when strong- 
ly heated. They are all decomposed without exception by 
exposure to the combined agency of heat and air or oxygen 
gas; and the products depend entirely on the degree of heat 
and the nature of the metal. The sulphuret is converted in- 
to the sulphate of an oxide, provided the sulphate is able to 
support the temperature employed in the operation. If this 
is not the case, then the sulphur is evolved under the form 
of sulphurous acid, and a metallic oxide is left; or if the 
oxide itself.is decomposed by heat, the pure metal remains. 
The action of heat and air in decomposing metallic sul- 
phurets is the basis of several metallurgic processes. | 

Many of the metallic sulphurets were formerly believed to 
be compounds of sulphur and a metallic oxide ; and I believe 
this was first shown to be an error by Proust in the essays which 
he published in the Journal de Physique. In the 53d volume 
of that work, he demonstrated that the sulphuret of iron, 
(magnetic pyrites) as well as the common cubic pyrites or bi- 
sulphuret, are compounds of sulphur and metallic iron with- 
out any oxygen. He showed the same also with respect to 
the sulphurets of other metals, such as those of mercury and 
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‘copper. He was of opinion, however, that in some instan- 
ces sulphur does unite with a metallic oxide. Thus, when 
“sulphur'and the peroxide of tin are heated together, sulphu- 
“vous acid is disengaged, and the residue according to Proust 
“is a sulphuret of the protoxide. 

“It was the general belief at that time, also, that the com-. 
pounds formed by heating sulphur with an alkali or earth 
are sulphurets of a metallic oxide. Thus, the old hepar 
sulphuris, the sulphuretum potassce of the Edinburgh Phar- 
‘macopeeia, which is made by fusing together a mixture of 
‘sulphur and dry carbonate of potassa,. was revarded as a sul- 
phuret of potassa. In the year 1817 M. Vauquelin publish- 
ed an essay in the 6th volume of the Annales de Chimie et de 
Physique, wherein he detailed some experiments, the object 
of which was to determine the state of the alkali in that com- 
pound. The late Count Berthollet had observed that when 
the ‘hepar sulphuris is dissolved in water, the solution always 
‘contains a considerable portion of sulphuric acid, which 
‘he ‘conceived to be generated at the moment of solution. 
He supposed that water is then decomposed ; and that its 
elements combine with different portions of sulphur, the oxy- 
‘gen giving rise to the formation of sulphuric acid, and the 
hydrogen to sulphuretted hydrogen. The accuracy of this 
explanation was called in question by Vauquelin in the paper 
‘above mentioned, who contended that the sulphuric acid js 
‘generated, not during the process of solution, but by the 
action of heat ddtingn the formation of the sulphuret. One 
‘portion of potassa, according to him, yields its oxygen ata 
‘high temperature to some of the sulphur, converting it into 
sulphuric acid, while the potassium unites with pure sulphur, 
‘Two combinations therefore result—sulphuret of potassium 
‘and sulphate of potassa, which are mixed together. Though 
the experiments adduced in favour of this opinion were not 
‘absolutely convincing, yet they made it the more probable of 
‘the two; and M. Vauquelin, admitting however the want of 
actual proof, inferred from them that when an alkaline oxide 
4s heated to redness with sulphur, the former loses oxygen, 
and a sulphuret of the metal itself is produced. 

The sixth volume of the Annals likewise contains a paper 
by M. Gay-Lussac, whe offered additional arguments in fa- 
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vour of Vauquelin’s opinion, and I believe most chemists 
held them to be satisfactory.. But the more recent labours of 
MM. Berthier and Berzelius have given still greater insight 
into the nature of these compounds. One of Vauquelin’s 
chief arguments was drawn from the action of charcoal on 
the sulphate of potassa. When a mixture of this salt with 
powdered charcoal is ignited without exposure to the air, car- 
bonic oxide and carbonic acid gases are formed, and a sul- 
phuret is left, analogous both in appearance and properties 
to that which may be made by igniting carbonate of potassa 
directly with sulphur. They are both essentially the same 
substance, and Vauquelin conceived from the strong attrac- 
tion of carbon for oxygen, that both the sulphuric acid and 
the potassa would be decomposed by charcoal at a high tem- 
perature ; and that, consequently, the product must be a sul- 
phuret of potassium. 

M. Berthier has proved in the following manner that these 
changes do actually occur. (An. de Ch. et de Ph. vol. xxii.) 
He put a known weight of sulphate of baryta into a crucible 
lined with a mixture of clay and charcval, defended it from 
contact with the air, and exposed it to a white heat for the 
space of two hours. By this treatment it suffered complete 
decomposition, and it was found that in passing into a sul- 
phuret, it had suffered a loss in weight precisely equal to the 
quantity of oxygen originally contained in the acid and earth. 
This circumstance, coupled with the fact that there had been 
no loss of sulphur, is decisive evidence that the baryta as 
well as the acid had lost its oxygen, and that a sulphuret of 
barium had been formed. He obtained the same results also 
with the sulphates of strontia, lime, potassa, and soda; but 
from the fusibility of the sulphurets of potassium and sodium, 
their loss of weight could not be determined with such pre- 
cision as in the other instances. 

The experiments of Berzelius, performed about the same 
time, are exceedingly elegant, and still more satisfactory than 
the foregoing. (An. de Ch. et de Ph. vol. xx.) He passed 
a stream of dry hydrogen gas over a known quantity of sul- 
phate of potassa, heated to redness. It was expected from 
the strong affinity of hydrogen for oxygen, that the sulphate 
would be decomposed; and, accordingly, a considerable 
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quantity of water was formed, which was carefully collected 
and weighed. The loss of weight which the salt had expe- 
rienced, was precisely equivalent to the oxygen of the acid and 
alkali; and the oxygen of the water was exactly equal to 
the loss in weight. A similar result was obtained with the 
sulphates of sealay baryta, strontia, and lime. 

It is demonstrated, therefore, that the metallic Saas of 
the alkalies and alkaline earths agree with the common me- 
tals in their disposition to unite with sulphur. It is now’'cer- 
tain that, whether we decompose a sulphate by hydrogen or 
charcoal, or whether we ignite sulphur with anaikali or an 
alkaline sini a metallic sulphuret is always the product, 
Direct combination between sulphur and a metallic oxide is 
arare occurrence, and it may be almost doubted if-it ever 
happens. Gay-Lussac indeed states that, when an alkali or an 
alkaline earth is. heated with sulphur in such. a manner that 
the temperature is never so high as a low red heat, the pro- 
duct is really the sulphuret of an oxide. But the facts ad- 
duced in favour of this opinion are not altogether satisfactory, 
and we must leave it therefore to be decided ‘by future ob- 
servation. 

Several of the ovatéitias sulphurets occur abundantly in 
nature. Those that are most frequently met with, are the | 
sulphurets of lead, antimony, copper, iron, zinc, molybdenum, 
and silver. 


The metallic seleniurets have so close a resemblance in their 
chemical relations to the sulphurets, that it is unnecessary to 
give a separate description of them. They may be prepared 
either by bringing selenium in contact with the metals at a 
high temperature,. or by the action of hydro-selenic: acid on 
metallic solutions, 


Cyanogen, as already mentioned, (page 303,) has an afli- 
nity for metallic substances. Few of the cyanurets, however, 
have been hitherto obtained in a separate state, excepting 
those of potassium, mercury, silver, and palladium. The three 
datter are readily; decomposed by a red heat. 

Cyanogen unites also with some of the metallic chitin 
When hydrocyanic acid vapour is passed over pure baryta 
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contained in a porcelain tube, and heated. till it begins to be 
luminous, hydrogen gas is evolved, and cyanuret of baryta; 
according to Gay-Lussac; is generated. The same chemist 
succeeded in forming the cyanurets of potassa and soda by a 
similar process. ‘These compounds exist. only in the dry 
state. A change is produced in them by the action of water, 
the nature of which has already been explained. (Page 308.) 


Qne subject remains respecting the compounds of chlorine, 
iodine, sulphur, selenium; and cyanogen with metals, the 
consideration of which I have hitherto delayed, because it 
applies to all of them equally. The non-metallic ingredient 
of each of these compounds is the radical of a hydracid, that 
is, it has the property of forming with hydrogen an acid; 
which, like other acids, is unable to unite with metals, but 
which combines readily with metallic oxides. Owing to this 
circumstance, a difficulty arises in explaining what takes 
place when such substances are dissolved in water. ‘Thus; 
when the chloride, sulphuret, and cyanuret of potassium 
are put into water; it is possible that they may dis- 
solve in that liquid without suffering any other. chemical 
change, so that the solution actually contains the chloride, 
sulphuret, and cyanuret of potassium. It may be sup- 
posed, on the other hand, however, that when either of 
them, for example the chloride of, potassium, is put in- 
to water, a portion of that liquid is decomposed ;—the 
hydrogen unites with the chlorine, forming muriatic. acid, 
and the oxygen with the potassium, converting it into potas: 
sa, and consequently the solution must contain a neutral mu: 
riate of potassa. Of course, had the sulphuret and cyanuret of 
potassium been employed, hydrosulphuret and hydrocyanate 
of potassa might in hke manner have been generated.. -It 
would be easy to determine which opinion is correct, could 
it be ascertained whether water is or is not decomposed dur- 
ing the process of solution. But this is the precise point of 
difficulty ;. since, from the operation of the laws of definite 
proportion, no evolution of gas does or can occur to indicate 
any such change. Still, however, there are circumstances 
which appear to prove that water must have been decompos- 
ed. Thus, on adding sulphuric acid to a concentrated solu- 
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tion of the chloride of potassium, sulphate of potassa is form- 
ed, and muriatic acid gas is disengaged. The formation of 
sulphuretted hydrogen while water is acting on the sulphuret 
of potassium, may be inferred from the odour of the solution ; 
and accordingly that gas is actually disengaged on the addi- 
tion of some stronger acid. Again; that the cyanuret of po- 
tassium is converted into hydrocyanate of potassa by: water; 
is manifest from the odour and taste of the solution. It does 
not indeed follow, because muriatic acid and sulphuretted 
hydrogen gases are evolved at the moment of adding an acid, 
that they previously existed as such in the liquid; for the 
same phenomena would occur on adding sulphuric acid to the 
dry chloride and sulphuret of potassium. The proof of the 
cyanuret of potassium being converted by water into the hy- 
drocyanate of potassa appears, on the contrary, quite satisfac 
tory ; and it will throw some light on the question, to consi- 
der the affinities which must have determined the change. 
The affinity of oxygen for hydrogen, and that of cyanogen 
for potassium, are the quiescent affinities which oppose the 
decomposition of water; the divellent affinities are the at- 
traction of cyanogen for hydrogen, of potassium for oxygen, 
and of hydrocyanic acid. for potassa. ‘The latter prevail ; 
and it follows, a, fortiori, that the chloride of potassium would | 
be liable to a similar change, because the affinity of chlorine 
for hydrogen, and of muriatic acid for potassa, is incompara» 
bly greater than that of cyanogen and hydrocyanic acid for 
the same substances. 

A similar process of reasoning, aided by the close slides 
existing dmong this class of bodies, has induced most che- 
mists to adopt the opinion, that the compounds of potassium 
with the radicals of the hydracids in general, uniformly decom- 
pose water at'the moment of dissolving in that fluid. This view 
must of course be extended to all such compounds as containany 
metal which, like potassium, has a strong attraction for oxygen, 
and will therefore include the metallic bases of the earths and 
alkalies. Thus the chloride and iodide of sodium, calcium, 
aid barium, are regarded as the muriates and hydriodates of © 
soda, lime, and baryta, when dissolved in water. Some che- 
mists are even disposed to extend the same doctrine to the 
compounds of every metal with the radical of the hydracids, 
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with the view of poe every instance within one gene- 
ral law. 

But as the circumstances are so very variable, it may be 
doubted if any single rule can apply to every case. The con- 
ditions which may be expected to influence the result are two- 
fold: the attraction of the radical of the hydracid for hydro- 
gen, and the affinity of the metal for oxygen. A difference 
in the first circumstance alone*does not appear very import- - 
ant; since, if the preceding observations are correct, both the 
chloride and cyanuret of potassium occasion the decomposi- 
tion of water. The effect of the second is probably of more 
importance. We should expect. from the difference between 
potassium and gold. in relation to oxygen, that the chloride 
of potassium would decompose water more easily than the 
chloride of gold; and there is ground for believing that the 
latter does really dissolve without any change. For M. Pel- 
letier has shown that the oxide of gold performs the function 
of an acid rather than of a saline base, since it actually com- 
bines with alkalies, but forms no permanent combination with 
any acid which contains oxygen. This being the case, it is 
difficult to conceive how the oxide of gold should have so 
strong an attraction for muriatic acid ;—it is most probably 
a chloride even while in solution. If this be true, then we 
must infer that the cyanuret and iodide of gold do not 
decompose water ; because, while the metal is the same, cya- 
nogen and iodine have a less affinity for hydrogen than chlo- 
rine. 

If these remarks are well founded, it follows that the ores 
condition, or the affinity of the metal for oxygen, has the 
most influence over the decomposition of water; and if any 
rules may be given, they should be founded chiefly on that 
circumstance. The decomposition of water may be pre- 
dicted when the metallic base of the alkalies or earths are in 
combination with the radical of any hydracid. It may also 
be expected when iron, zinc, manganese, or tin are present,— 
metals which decompose water by aid of the strong acids. 
Accordingly we find that when the chloride of iron.is put in- 
to water, the solution has the usual colour of the salts of iron, 
confirming the supposition that the muriate of the oxide had 
been formed. With respect to such metals as copper, lead, 
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cobalt, &c., the affinity of which for oxygen is less energetic 
than that of the metals above mentioned, the greater num- 
ber of the compounds which they form with the radicals of 
the hydracids decompose water during the act of solution. 
Thus the chlorides of copper, cobalt, and nickel, instantly 
acquire, when put into water, the characteristic colour of the 
salts of those metals. It is very doubtful, on the contra- 
ry, whether the chloride of lead occasions a similar change. 
The few metals, the oxides of which are reduced at a red 
heat, such as mercury, silver, gold, platinum, &c., have, ge- 
nerally speaking, a strong affinity for the radicals of the by- 
dracids, and to all appearance the compounds so constituted 
cannot decompose water. It is very questionable whether 
the oxides of mercury, silver, gold, and platinum, can unite 
at all with muriatic acid. 

It should be remembered, however, that the action of re- 
agents on the solution of a chloride is generally the same as 
if. it was in reality a muriate. ‘Thus, when potassa is add- 
ed toa solution of the chloride of gold, a solution of muriate 
of potassa is obtained, and the oxide of gold separates, water 
being decomposed at the moment of adding the alkali. The 
same happens in the case of a solid chloride; a solution of 
potassa or lime water separates the protoxide of mercury from 
the chloride of mercury or calomel ; and, in like manner, sul- 
phuric acid disengages muriatic acid from the chloride of so- 
dium. For all practical purposes, therefore, the solution of 
a metallic chloride in water: may be viewed as the muriate 
of an oxide; and on this account I shall always ae it 
as such in the present treatise. 

A similar view may be applied to the solutions of metallic 
iodides, sulphurets, and cyanurets. Whatever may be their 
nature when dissolved in water, the action of reagents upon 
them is the same as if they were real salts. To this remark, 
the cyanuret of mercury is an exception. This compound 
has every appearance of dissolving in water without change. 

Berzelius is of opinion that all soluble metallic chlorides, 
iodides, and the like, dissolve as such in water, and that salts 
of the hydracids have no existence. |'This doctrine, however, 
appears to me quite inadmissible ; for, independently of the 
foregoing remarks, with which it is inconsistent, its inaccuracy 

vA, 
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may, I conceive, be shown in the following manner.—I have 
stated (page 259) that when potassa acts on iodine, the iodic 
and hydriodic acids are generated by the decomposition of 
water, and the solution therefore contains the iodate and hy- 
driodate of that alkali. According to Berzelius, on the con- 
trary, the liquid contains the iodate of potassa and the iodide 
of potassium. Now, the only consistent mode of accounting 
for their formation is, that iodic acid derives its oxygen, not 
from water, but from the potassa, and that the potassium 
unites directly with the iodine. On this supposition, water is 
not decomposed at all; whereas it is demonstrable that it 
does undergo decomposition.—The process for forming the 
hydrocarburet of iodine, employed by M. Serullas, affords 
decisive proof that water is decomposed during the mutual 
action of iodine and potassa. (Page 285.) 

Having explained what generally happens when the com- 
pounds of metals with the radicals of the hydracids are put 
into water, I may add a few words on the changes which 
take place when they are separated from that fluid by evapo- 
ration. Nosalt, the acid of which is a hydracid, can sustain a 
red heat withoutdecomposition; forthe oxygenof theoxide and 
the hydrogen of the acid, being in the proportion for forming 
water, unite together, and are expelled as watery vapour. A 
temperature considerably below ignition, is commonly suffi- 
cient to produce the same change; nay, it frequently happens 
during the mere act of crystallization. ‘Thus, when the so- 
lution of the muriate of potassa and of soda is gradually eva- 
porated, crystals are deposited, which contain neither oxygen 
nor hydrogen, and can therefore be nothing but the chlorides 
of potassium and sodium. It hence follows, that a real mu- 
riate of potassa, or of soda, exists only in solution, and that 
they cease to be salts when they assume the solid form. This 
circumstance was formerly considered so strange, that it was 
even adduced as an argument against the existence of chlorine 
as a simple body. The singularity of the case was, however, 
only apparent, and arose from ignorance of certain com- 
pounds with which we are now acquainted. A salt is a com- 
pound of some acid with a metallic oxide or with ammonia, 
and such was presumed to be the nature of common sea salt 
and prussiate of mercury; but since the former has been 
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proved to consist of chlorine and sodium, and the latter of 
cyanogen and mercury, they of course cease to fall under the 
definition of a salt, though, like the salts, they assume a regu- 
lar crystalline form, 

It appears very improbable to beginners at first sight, that 
water should be so frequently decomposed and reproduced 
without any direct proof of it; but if we reflect on a few fa- 
miliar phenomena, all surprise will cease... During the action 
of dilute sulphuric acid on iron, a most complex chemical 
operation ensues, of which we in reality see nothing. The 
elements of water are disunited, the oxygen unites with the 
iron, the oxide of iron with the sulphuric acid, and the sul- 
phate of the oxide of iron is dissolved by the water; all this 
is one Momentary event, unaccompanied by any visible sign. 
Again, when dilute sulphuric acid acts on the sulphuret. of 
iron, the same takes place as in the preceding instance, with 
the additional circumstance that sulphur and hydrogen com: 
bine. The escape of hydrogen in the first example, and of 
sulphuretted hydrogen in the second, is a mechanical pheno- 
menon not necessarily connected with the chemical actions we 
have just considered ; nay, were hydrogen and sulphuretted 
hydrogen colourless limpid: fluids like water, we should in 
reality see no motion whatever during the process; and yet 
the presence of the oxide of iron, the sulphuric acid having 
suffered no change, would have afforded abundant proof of 
the decomposition of water. Other examples might be brought 
forward of a similar nature, but these are quite sufficient for 
the purpose. — 

Chemists are acquainted with several metallic phosphurets; 
and it is probable that phosphorus, like sulphur, is capable 
of uniting with all the metals. © Little attention however has 
hitherto been devoted to their compounds; and for the greater 
part of our knowledge concerning them we are indebted to the. 
researches of Pelletier. (An. de Chimie, vol. 1. and xiii.) 

The metallic phosphurets may be prepared in several ways. 
The most direct method is by bringing phosphorus in con- 
tact with metals at a high temperature, or what amounts to the 
same thing, by igniting metals in contact with phosphoric acid 
and charcoal. Many of the phosphurets may be formed by 
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passing a current of phosphuretted hydrogen gas over metal- 
lic oxides heated to redness in a porcelain tube. Water is 
generated, and a phosphuret of the metal remains. 

Phosphorus unites also with some of the metallic oxides. 
The phosphurets of lime and baryta, for example, may be 
made by conducting the vapour of phosphorus over those 
earths at ared heat. 

The only metallic carburets of importance are those of iron, 
which will be described in the section on that metal. . 

Hydrogen unites with few metals. The only metallic hy- 
drogurets known are those of zinc, potassium, arsenic, and 
tellurium. No compound of nitrogen and a metal has hither- 
to been discovered. 


As the number of the metals is considerable, it is neces- 
sary to facilitate the study of them as much as possible by 
arrangement. The order in which I shall arrange them is 
similar to that introduced by M. Thénard, and since adopted 
_ with a slight modification by Dr. Henry in his ‘* Elements 
of Experimental Chemistry.” The metals are accordingly 
divided into the two following classes :— 

Crass I. Metals, the oxides of which cannot be reduced 
to the metallic state by the sole action of heat. 

Crass II. Metals, the oxides of which are reducible by 
heat only. 

Crass I. The metals of the first class were formerly called 
base or imperfect metals, in contradistinction to gold, silver, 
and mercury, which were termed the nodle or perfect metals. 
As the metals contained in the first class are numerous, and 
differ from one another-in the degree of their affinity for oxy- 
gen, they may be subdivided into four orders. 

Order 1, Metals which decompose water at common tem- 
peratures, These are six in number; namely, 


Potassium Lithium Strontium 
Sodium Barium Calcium. 


The protoxides of the first three metals are distinguished 
by their causticity and solubility in water, and by possessing 
alkaline properties in an eminent degree. They are called 
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alkalies; and their metallic bases are frequently termed the 
alkaline metals. The protoxides of barium,, strontium, and 
calcium, are commonly denominated alkaline earths ; be- 
cause, though they have the acrid taste and alkaline reaction 
of the pure alkalies, they approach both in their appearance 
and in their Sparing solubility in water, to the nature of the 
earths, 

The metals of this order are sometimes called metalloids, 
an incorrect expression introduced by the unphilosophical 
ideas at one time entertained on the conditions requisite to 
constitute a metal, and which may now be abandoned. A 
body either does or does not possess the essential properties 
of a metal. If it does possess them, it is to all intents and 
purposes a real metal. 

Order 2. Metals, which are supposed to be analogous to 
the foregoing, but the exact nature of which has not been 
‘determined. ‘They are six in number ; namely, 


Magnesium Yttrium Zirconium 
Glucinum Aluminum Silicium. 


The oxides of these metals have a white colour and an 
earthy aspect, and are very sparingly soluble in water. They 
-are called earths, and their metallic bases are sometimes called 
earthy metals. : 


- 


Order 3. Metals which decompose water at a red heat. 
They are five in number ; namely, 


Manganese, Iron, Cadmium. 


Zinc, Tin, 


Order 4. Metals which do not decompose water at any 
temperature. Of these there are fifteen in number; namely, 


w 


Arsenic, Uranium, Titanium, 
Molybdenum, Columbium, Bismuth, 
Chromium, Nickel, Copper, 
Tungsten, Cobalt, Tellurium, 


Antimony, | Cerium, Lead. 
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Crass II. Thesecond class comprises only eight metals, the 
oxides of which are decomposed by a red heat. These are 


Mercury, Platinum, Osmium, 
Silver, Palladium, Iridium. 
Gold, Rhodium, 


SECTION I. 


POTASSIUM. 


Porassium was rnin ed in 1807 by Sir H. Davy, and the 
circumstances which led to the discovery have already been 
described. (Page 85.) It was prepared by that philosopher by 
causing the hydrate of potassa, slightly moistened for the pur- 
pose of increasing its conducting power, to communicate with 
the opposite poles of a galvanic dbdittory of 200 double plates ; 
when the oxygen both of the water and the potassa passed over 
to the positive pole, while the hydrogen of the former, and the 
potassium of the latter, made their appearance at the negative 
wire. By this process potassium is obtained in. small quanti- 
ty only ; but Gay-Lussac and Thenard invented a method by 
which-a more abundant supply of it may be procured. (Re- 
cherches Physico-Chimiques, vol. i.) Their process consists 
in bringing fused hydrate of potassa in contact with turnings 
of iron heated to whiteness in a gun-barrel. The iron, under 
these circumstances, deprives the water and potassa of oxygen, 
hydrogen gas combined with a little potassium is evolved, and 
pure potassium sublimes, and may be collected in a cool part 
of the apparatus. 

Potassium may also be prepared, as first noticed by M. 
Curaudau, by mixing dry carbonate of potassa with half its 
weight of powdered charcoal, and exposing the mixture, con- 
Gaibed ina gun-barrel or spheroidal iron bottle, to a strong 
heat. An improvement on both processes has been made by 
M. Brunner, who decomposes potassa by means of iron and 
charcoal, From eight ounces of fused carbonate of potassa, 
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‘six ounces of iron filings, and two ounces of charcoal, mixed 
intimately and heated in an iron bottle, he obtained 140 grains 
of potassium. (Quarterly Journal, vol. xv.) Berzelius has 
observed that the potassium thus made, though fit for all the 
usual purposes for which it is required, contains a minute 
quantity of carbon. | 

Potassium is solid at the ordinary temperature of the atmos- 
phere. At 70° F. it is somewhat fluid, though its fluidity is 
not perfect till it is heated to 150° F. At 50°F. it is soft and 
malleable, and yields like wax to the pressure of the fingers ; 
but it becomes brittle when cooled to 82° F. It sublimes at a 
red heat without undergoing any change, provided the atmos- 
pheric air be completely excluded. Its texture is crystalline, 
as may be seen by breaking it across while brittle. In colour 
and lustre it is precisely similar to mercury. At 60° F, its 
density is 0.865, so that it is considerably lighter than water. 
It is quite opaque, and is a good conductor of electricity and 
caloric. | 

The most prominent chemical property of potassium is its 
affinity for oxygen gas. It oxidizes rapidly in the air, or by 
contact with fluids which contain oxygen. On this account 
it must be preserved either in glass tubes hermetically sealed, 
or under the surface of liquids, such as naphtha, of which 
oxygen is not an element. If heated in the open air, it takes 
fire, and burns with a white flame and great evolution of ca- 
loric. It decomposes water on the instant of touching it, 
and so much heat is disengaged, that the potassium is inflam- 
ed, and burns vividly while swimming upon its surface. The 
hydrogen unites with a little potassium. at the moment of se- 
paration ; and this compound takes fire as it escapes, and thus 
augments the briliancy of the combustion. When potassium 
is plunged under water, violent re-action ensues, but without 
the emission of light, and pure hydrogen gas is evolved. 


OXIDES OF POTASSIUM. 


Potassium unites: with oxygen in two proportions. The 
protoxide, commonly called potash or potassa, is always 
formed when potassium is put into water, or when it is ex- 
posed at common temperatures to dry air or oxygen gas. 
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By the first method the protoxide is obtained in combination 
with water; in the latter, it is anhydrous. In performing 
the last mentioned process, the potassium should be cut into 
very thin slices; for otherwise the oxidation is incomplete. 
The product, when partially oxidized, was once suspected 
to be a distinct oxide; but it is now admitted to be a mix- 
ture of potassa and potassium. 

As potassa is the protoxide of potassium, it is supposed to 
contain one atom of each of its elements. Its composition is 
best determined by collecting and measuring the quantity of 
hydrogen which is evolved when potassium is plunged under 
water. From the experiments of Sir H. Davy, and Gay- 
Lussac and Thénard, it appears that 40 grains of potassium 
decompose precisely 9 grains of water; and that while one 
grain of hydrogen escapes in the gaseous form, the 8 grains 
of oxygen combine with the metal. The protoxide of po- 
tassium is therefore composed of 

Potassium 40, or one atom. 
Oxygen , 8, or one atom. 
And 48 is its combining proportion. | 

When potassium burns in the open air or in oxygen gas, 
it is converted into an orange-coloured substance, which is 
the peroxide of potassium. It may likewise be formed by 
conducting oxygen gas over potassa at a red heat. When 
this peroxide is put into water, it is resolved into oxygen 
and potassa, the former of which escapes with effervescence, 
and the Jatter is dissolved. According to Gay-Lussac and 
Thénard, it consists of | 

Potassium +. 40, or one atom. 
Oxygen : 24, or three atoms. 

Anhydrous potassa may be prepared either by the slow 
oxidation of potassium, as already mentioned, or by decom- 
posing nitrate of potassa by a red heat in a vessel of gold. 
In its pure state, it is a white solid substance, highly caustic, 
which fuses at a temperature somewhat above that of red- 
ness, and bears the strongest heat of a wind furnace without 
being decomposed or volatilized. It has a powerful affinity 
for water, and intense heat is disengaged during the act of 
combination.» With a certain portion of that liquid it forms 
a solid hydrate, the elements of which are united) by an affi- 
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nity so énergetic that no degree of heat hitherto employed 
can effect their separation. .This substance was long regard- 
ed as the pure alkali, but it is in reality the hydrate of po- 
tassa. It is composed of 48 parts, or one atom of potassa, 
and 9 parts, or one atom of water. 

The hydrate of potassa is solid at common temperatures. 
It fuses at a heat rather below redness, and assumes a some- 
what crystalline texture in cooling. It is highly deliques- 
cent, and requires about half its weight of water for solu- 

-tion. It is soluble, likewise, in alcohol. It destroys all 
animal textures, and on this account is employed in sur- 
gery asa caustic. It was formerly called apis causticus, 
but it is now termed potassa and potassa fusa by the Col- 
leges of Edinburgh and London. This preparation is made 
by evaporating the aqueous solution of potassa in a silver or 
clean iron capsule to the consistency of oil, and then pouring 
it into moulds. In this state it is impure, containing oxide 
of iron, together with the muriate, carbonate, and sulphate 
of potassa. It is purified from these substances by dissolv- 
ing it in alcohol, and evaporating the solution to the same 
extent as before, in a silver vessel. The operation should_be 
performed expeditiously, in order to prevent, as far as pos- 
sible, the absorption of carbonic acid. 

The aqueous solution of potassa, the agua potasse of the 
Pharmacopeeia, is prepared by decomposing the carbonate of 
potassa by lime. -To effect this object completely, it is ad- 
visable to employ equal parts of quicklime and carbonate. of 
potassa. After slaking the lime in an iron vessel, the car- 
bonate of potassa, dissolved in its own weight of hot water, is 
added, and the mixture is boiled briskly for about ten mi- 
nutes. The liquid, after subsiding, is filtered through a 
funnel, the throat of which is obstructed .by a piece of clean 
linen. . | : 

This process is founded on the fact that lime deprives the 
carbonate of potassa of its acid, forming an insoluble carbon- 
ate of lime, and setting the pure alkali at liberty. If the de- , 
composition is complete, the filtered solution should not effer- 

_yvesce with muriatic acid. | 

The solution of potassa is highiy caustic, and its taste m- 

tensely acrid, » It possesses alkaline properties in an eminent 
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degree, converting the vegetable blue colours to green, and 
neutralizing the strongest acids. It absorbs carbonic acid 
gas rapidly, and is consequently employed for withdrawing 
that substance from gaseous mixtures. For the same reason 
it should be excluded from the atmosphere during the process 
of filtering, and preserved in well-closed bottles. 

Potassa is employed as a re-agent in detecting the presence 
of bodies, and’ in separating them from one another. The 
solid hydrate, owing to its strong affinity for water, is used 
for depriving gases of hygrometric moisture, and is admira- 
bly fitted for forming frigorific mixtures. (Page 45.) 

Potassa may be distinguished from all other substances by 
the following characters. 1. If tartaric acid be added in excess 
to.a salt of potassa dissolved in water, and the solution be 
stirred with a glass rod, a white precipitate, the bitartrate of 
potassa, soon appears, which forms peculiar white streaks up- 
on the glass by the pressure of the rod in stirring. | 2. A so- 
lution of the muriate of platinum causes a yellow precipitate, 
the muriate of platinum and potassa. This is the most deli- 
cate test, provided the mixture be gently evaporated to dry- 
ness, and a little cold water be afterwards added. The mu- 
riate of platinum and potassa then remains in the form of 
small shining yellow crystals. 3. By being precipitated by 
no other substance. 

Chloride of potassium.—Potassium takes fire spontaneously 
in an atmosphere of chlorine, and burns with greater bril- 
jiancy than in oxygen gas. This chloride is also generated 
when potassium is heated in muriatic acid gas, hydrogen be- 
ing evolved at the same time. It is the residue of the de- 
composition of the chlorate of potassa by heat; and it is ob- 
tained in the form of colourless cubic crystals, when a solu- 
tion of the muriate of potassa evaporates spontaneously, 

The chloride of potassium has a saline and rather bitter 
taste. It requires three parts of water at 60° F. for solution, 
and is rather more soluble in hot-water. Its solution contains 
the muriate of potassa, (Page 337.) It is composed of 36 parts 
or one atom of chlorine, and 40 parts or one atom of potassium. 

Iodide of potasstum.—This compound is formed, with emis- 
sion of light, when potassium is heated in contact with iodine. 
It may likewise be obtained by means of heat from the iodate, 
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and by crystallization from the hydriodate of potassa. It 
fuses readily when heated, and is volatilized at a tempera- 
ture below redness. It deliquesces in a moist atmosphere, 
and is very soluble in water. It dissolves also in strong 
alcohol ; and the solution, when gently evaporated, yields 
small colourless cubic crystals of the iodide of potassium. 
It is composed of one. atom of iodine and one atom of po- 
tassium. 

Hydrogen and potassium. These substances unite in two 
proportions, forming in one case a solid, and in the other a 
gaseouscompound. The latter is produced when the hydrate 
of potassa is decomposed by iron at a white heat, and it ap- 
pears also to be generated when potassium burns on the sur- 
face of water. It inflames spontaneously in air or oxygen 
gas; but on standing for some hours over mercury, the 
greater part, if not the whole of the potassium, is deposited. 

The solid hydroguret of potassium was made by Gay- 
Lussae and Thénard, by heating potassium in hydrogen gas. 
It is a grey solid substance, which is readily decomposed by 
heat or contact with water. It does not inflame spontaneous- 
ly in oxygen gas... 

Sulphuret of potassium. Sulphur unites readily with po- 
-tassium by the aid of heat ; and so much caloric is evolved at 
the moment of combination, that the mass becomes incandes- 
cent. The best:method of obtaining a sulphuret in definite 
proportion is by decomposing the sulphate of potassa accord- 
ing to the process of Berthier or Berzelius. (Page 334.) This 
sulphuret is composed of one atom of sulphur and one atom 
of potassium. It has a red colour, fuses below the tempera- 
ture of ignition, and assumes a crystalline texture in cooling. 
it is dissolved by water, being converted, with evolution of — 
caloric, into the hydrosulphuret of potassa. 

Besides this protosulphuret, Berzelius has described four 
other compounds, which he obtained by igniting carbonate of 
potassa with different proportions of sulphur. These are 
composed of one atom of potassium to’2, 8, 4, and 5 atoms 

of sulphur. 

‘ Phosphuret of potassium. This compound may be formed 
by the action of potassium on phosphorus with the aid of a 
moderate heat. It is converted by water into potassa and 
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perphosphuretted hydrogen gas, which inflames at the mo- 
‘ment of its formation, 


SECTION II, 
SODIUM. 


Sin H. Davy made the discovery of sodium in 1807, a few 
days after he had discovered potassium. The first portions 
uf it were obtained by means of galvanism; but it may be 
procured in much larger quantity by chemical processes, pre- 
cisely similar to those described in the last section. 

-. Sodium has a strong metallic lustre, and in colour is very 
‘analogous to silver. It is so soft at common temperatures, 
that it may be formed into leaves by the pressure of the fin- 
gers. It fuses at 200° F. and rises in vapour at a full red 
heat. Its specific gravity is 0.972. 

Sodium soon tarnishes on exposure to the air, though less 
rapidly than potassium. When thrown into water it swims 
upon its surface, occasions violent: effervescence-and a hissing 
noise, and is rapidly oxidized ; but no light is visible. The 
action is stronger with hot water, and a few scintillations ap- 
-pear; but still there is no flame. In each case, soda is gene- 
rated, owing to which the water acquires an alkaline re-action, 
and pure hydrogen gas is disengaged. 

Oxides of Sodium.—Chemists are acquainted with two defi- 
nite compounds only of sodium and oxygen. ‘The protoxide 
or soda is a grey white solid, difficult of fusion, which is 
obtained by burning sodium in dry atmospheric air, It is 
also formed when sodium is oxidized by water; and its com-' 
position may be determined by collecting the hydrogen which 
is then disengaged. According to the experiments of Sir H. 
Davy, the results of which differ little from those of Gay- 
Lussac and Thénard, soda consists of 24 parts of sodium and 
8 parts of oxygen. For this reason, 24 is regarded as the 
atomic weight of sodium, and 32 the combining proportion 
of soda. 
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-When sodium 1s ‘strongly heated in an excess of pure oxy- 
gen, an orange-coloured substance is formed, which is the 
peroxide of sodium. It is resolved by water into oxygen and 
soda; and is composed, according to Gay-Lussac and Thé-., 
nard, of two atoms of sodium and three atoms of oxygen. + 

With water soda forms a solid hydrate, easily fusible by 
heat, which is very caustic, is soluble in water and alcohol, 
has powerful alkaline properties, and in all its chemical rela- 
tions is exceedingly analogous to potassa. It is prepared 
from the solution of pure soda, exactly in the same manner 
as the corresponding preparations of potassa. ‘The solid hy- 
drate is composed of 32 parts, or one atom of soda, and 9 
parts or one atom of water. 

Soda is readily distinguished from the other alkaline bases 
by the following characters. 1. It yields with sulphuric acid 
a salt, which by its taste and form is easily recognised as 
glauber salt or sulphate of soda. 2. All its salts are soluble 
in water, and are not precipitated by any reagent. 98. On 
exposing its salts by means of platinum wire to the blowpipe 
flame, they communicate to it a rich yellow colour. 

Chloride of Sodium.—This compound may be formed di- 
rectly by burning sodium in chlorine, or by heating it in mu- 
riatic acid gas. It is deposited in crystals, when a solution of 
the muriate of soda is evaporated ; for this salt, like the mu- 
riate of potassa, exists only while in solution, and is convert- 
ed into a chloride during the act of crystallizing. Hence sea 
water, the chief ingredient of which is muriate of soda, yields 
chloride of sodium by evaporation ; and from this source is 
derived most of the different kinds of common salt, such as ° 
fishery salt, stoved salt, and bay salt, substances essentially 
the same, and between which the sole difference depends on 
the mode of preparation. The chloride of sodium is known 
likewise as a natural product under the name of rock or mi- 
neral salt. 

The common varieties of salt, of which rock and bay salt 
are the purest, always contain small quantities of the sulphate 
of magnesia and lime, and muriate of magnesia. These earths 
may be precipitated as carbonates by boiling a solution of salt 
for a few minutes with a slight excess of carbonate of soda, 
filtering the liquid, and neutralizing with muriatic acid. On 
evaporating this solution rapidly, the chloride of sodium crys- 
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tallizes in hollow four-sided pyramids; but it occurs in re- 
gular cubic crystals when the solution is allowed to evaporate 
spontaneously. ‘These crystals contain no water of erystalliza- 
tion, but decrepitate remarkably when heated, owing to the 
expansion of water mechanically confined. within them. 

Pure chloride of sodium has an agreeably saline taste. It 
fuses at a red heat, and becomes a transparent brittle mass 
on cooling. It deliquesces slightly in a moist atmosphere, but 
undergoes no change when the air is dry. In pure alcohol it 
is insoluble. It requires twice and a half its weight of water 
at 60° F. for solution, and its solubility is not increased by 
heat. Like the soluble chlorides in general, it passes into a 
muriate while in the act of dissolving. Sulphuric acid de- 
composes it with evolution of muriatic acid gas, and forma- 
tion of the sulphate of soda. In composition it is analogous 
to the chloride of potassium, consisting of one atom of. chlo- 
rine, and one atom of sodium. 

The uses of the chloride of sodium are well known. Be- 
sides its employment in seasoning food, and in preserving 
meat from putrefaction, a property which it possesses in a 
high degree when pure, it is used for various purposes in the 
arts, especially for the formation of muriatic acid and the chlo- 
ride of lime. 

The compounds of sodium with iodine, sulphur and phos- 
phorus are so analogous to those which potassium forms with 
the same elements, that a particular description of them is 
unnecessary. Sodium does not unite with hydrogen. 


TIER 


SECTION III. 
’ LITHIUM. 


In the year 1818 M. Arfwedson of Sweden,* in analyzing 
the mineral called petalite, discovered the existence of a new 
alkali, and its presence has since been detected in spodumene, 
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lepidolite, and in several. varieties of mica. Berzelius has 
found it also inthe waters of Carlsbad in Bohemia. From 
the circumstance of its having been first obtamed from an 
earthy mineral, Arfwedson gave it the name of lithion (from 
Aberos lapideus), aterm since changed in this country to li- 
thia. It has hitherto been procured in small quantity only, 
because spodumene and. petalite are rare, and do not con- 
tain. more than: 6 or 8 per cent. of the alkali. It is com- 
bined in these two minerals with silica and alumina, whereas 
potassa is likewise present in lepidolite and lithion-mica, and 
therefore lithia should be prepared solely from the former. 

The best process for preparing lithia is that which was sug- 
gested by Berzelius. One part of petalite or spodumene, in 
fine powder, is mixed intimately with two parts of fluor-spar, 
and the mixture is heated with three or four times its weight 
of sulphuric acid, as long as any acid vapours are disengaged. 
The silica of the mineral unites with fluoric acid, and is dis- 
sipated in the form of fluosilicic acid gas, while the alumina 
and lithia unite with sulphuric acid. After dissolving these 
_ salts in water, the solution is boiled with pure ammonia 
to precipitate the alumina, filtered, evaporated to dryness, 
and then heated to redness to expel the sulphate of ammo- 
nia. The residue is sulphate of lithia. 

Sir H. Davy succeeded, by means of galvanism, in obtain- 
ing a white coloured metal like sodium from lithia ; but it 
was oxidized; and thus reconverted into the alkali, with such 
rapidity that it could not be collected. Lithia may there- 
fore be regarded as the protoxide of lithium ; and, according 
to the analysis of the sulphate of lthia by Stromeyer and 
Thomson, lithia is inferred to be composed of 


Lithium ‘ 10 or one atom. 
Oxygen ‘ 8 or one atom. 


Consequently, 18 is its combining proportion. 

Lithia is distinguished from potassa and soda by its greater 
neutralizing power, by forming sparingly soluble salts with 
carbonic and phosphoric acids, and by the circumstance 
of the chloride of lithium being highly deliquescent, and dis- 
solving freely im strong alcohol. This alcoholic solution burns 
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with a red flame; and all the salts of lithia, when heated on 
platinum wire before the blowpipe, tinge the flame of a red 
colour. Further, when lithia is fused on platinum foil, it 
attacks that metal, and leaves a dull yellow trace round the 
spot on which it lay. (Berzelius on the Blowpipe.  Chil- 
dren’s Translation.) : 

Lithia is distinguished from the alkaline earths by furming 
soluble salts with sulphuric and oxalic acids; and by the cir- 
cumstance that the carbonate of lithia, though sparingly so- 
luble in water, forms with it a solution which gives a brown 
stain to turmeric paper. 


SECTION IV. 
BARIUM. 


Siz H. Davy discovered bariwm, the metallic base of ba- - 
ryta, in 1808 by a process suggested by Berzelius and Pons 
tin. It consists in forming carbonate of baryta into a paste 
with water, and placing a globule of mercury in a little hol- 
low made in its surface. The paste was laid upon a platinum 
tray which communicated with the positive pole of a galvanic 
battery of 100 double plates, while the negative wire was 
brought into contact with the mercury. The baryta was de- 
composed, and the barium entered into combination with the 
mercury. ‘This amalgam was then heated in a vessel free of 
air, by which.the mercury was expelled, and the barium ob- 
tained in a pure form, 

Barium, thus procured, is of a dark gray colour, with a 
lustre inferior to cast iron. Its density is far greater than 
water, for it sinks rapidly in strong sulphuric acid. It at- 
tracts oxygen with avidity from the air, and in doing so forms 
a white powder which is baryta. It effervesces strongly from 
the escape of hydrogen when it is thrown into water, and a 
solution of baryta is produced. It has hitherto been obtain- 
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ed in very minute quantities, and consequently its properties 
have not been determined with precision. 

Oxides of Barium. Barytes, or Baryta, so called from 
the great density of its compounds, (from Bugis heavy) was 
discovered in 1'7'74 by Scheele. It is the sole product of the: 
oxidation of barium in air or water. It may be prepared by 
decomposing the nitrate of baryta at a red heat; or, as was 
ascertained by Dr. Hope, by exposing the carbonate of ba- 
ryta contained in a black lead crucible to an intense white 
heat ; a process which succeeds much better, when the car- 
bonate is intimately mixed with charcoal. Baryta is a gray 
powder, the density of which is about 4. It requires a very 
high temperature for fusion. It has a sharp caustic alkaline 
taste, converts vegetable blue colours to green, and neutra- 
lizes the strongest acids. Its alkalinity, therefore, is equally 
distinct as that of potassa or soda; but it is much less caus- 
tic and less soluble in water than those alkalies. In pure al- 
cohol it is insoluble. It has an exceedingly strong affinity 
for water. When mixed with that liquid it slakes in the same 
manner as quicklime, but with the evolution of a more intense 
heat, which, according to Débereiner sometimes amounts to 
luminousness. The result is a white bulky hydrate, fusible at 
a red heat, which bears the highest temperature of a smith’s 
forge without parting with its water. It is composed of 78 
parts, or one atom of baryta, and 9 parts, or one atom of 
water. 

The hydrate of baryta dissolves in eirive its weight of boil- 
ing water, and in twenty parts of water at the temperature of 
60° F. (Davy.) A saturated solution of baryta in boiling wa- 
ter deposits on cooling transparent, flattened prismatic crys- 
tals, which are composed, according to Mr. Dalton, of 78 
parts, or one atom of baryta, and 150 parts, or 20 atoms of 
water. , 

The aqueous solution of batwins is an excellent test’ of the 
presence of carbonic acid in the atmosphere or in other ga- 
seous mixtures. The carbonic acid unites with the baryta, 
and a white insoluble ste ah the carbonate of baryta, 
subsides, (ivg0 

According to the experiments of Dr. Thomson, ‘78 is the 
‘combining proportion of baryta; and therefore this earth, 
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assuming it to be the protoxide of barium, is composed of 
70 parts or one atom of barium, and one atom of oxygen. 
_ The deutoxide of barium may be formed by conducting 
dry oxygen gas over pure baryta at a low red heat. . This 
deutoxide, according to Thénard, contains twice as much 
oxygen as baryta; or is composed of one atom of barium 
and two atoms of oxygen. This is the substance employed 
by Thénard in the formation of the deutoxide of hydrogen. 

Baryta is distinguished from all other substances. by. the 
following characters. 1. By dissolving in, water and forming 
an alkaline solution. 2. By all its soluble salts being preci 
pitated as the white carbonate of baryta by alkaline carbo- 
nates, aud forming the sulphate of baryta, which is  in- 
soluble both in acid and alkaline solutions, by sulphuric acid 
or any soluble sulphate. 3. By forming with muriatie acid 
a salt, which crystallizes readily by evaporation in the form 
of four, six, or eight-sided tables, is insoluble in alcohol, and 
does not undergo any change on exposure to, the air. | 

The readiest method of forming the. salts. of baryta is by 
the action of acids on the native’ or artificial carbonate. 

All the soluble salts of baryta are poisonous. The carbo- 
nate of baryta, from being dissolved by. the juices of the 
stomach, likewise acts as a poison. The ‘sulphate, from 
its perfect insolubility, is inert. | 

Chloride of Bariwm.—This compound. is generated when 
chlorine gas is conducted over baryta at a red heat, and oxy- 
genigas is disengaged.. It may also be formed by heating to 
redness the crystallized muriate of baryta. It consists.of one 
atom of each of its constituents. It requires five times its 
weight of water at 60° F. for solution, and is much more so-+ 
luble in. boiling water, 

Sulphuret. of Bariwm.—The einen pad of barium 
may be prepared from the sulphate of baryta, (page 334.) 
It.dissolves readily in hot water, forming the hydrosulphuret 
of baryta. By,means of this solution all the chief salts of ba- 
ryta may be procured, Thus by adding an alkaline carbonate, 
the carbonate of barytais precipitated; and when muniatic 
acid is added, sulphuretted hydrogen is evolved, and mu- 
riate of baryta is produced, . A solution of pure baryta may 
also be obtained, from the hydrosulphuret, by boiling it with 
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oxide of copper,’ until the filtered solution no longer gives a 
dark precipitate with acetate of lead. 

The combinations of barium with the’ other non-metallic 
odlbsttineles have not yet been carefully examined. | 


SECTION V. 


STRONTIUM. 

Tue metallic base of strontia, called strontium, was dis¢d+ 
vered by Sir H. Davy by a process analogous to that describ- 
ed in the last section. All that is known respecting its pro# 
perties is, that it is a heavy metal, similar in appearance to 
barium, that it decomposes water with evolution of hydrogen; 
and oxidizes quickly in the air, being converted in both cases 
into strontia. ‘ 

From the close eaontblance si ene baryta and. strontia, 
these substances were once supposed to be identical. Dr. 
Crawford, however, and M. Sulzer noticed a difference be- 
tween them ; but the existence of strontia was first established 
with certainty uy the year 1792 by Dr. Hope,* and the same 
discovery was made about the same time by Klaproth.- It 
was originally extracted from strontianite, the native carbo- 
nate of strontia, a mineral found at Strontian in Scotland ; 
and hence the origin of the term Strontites or Strontia, by 
which the earth itself is designated.: 

Pure strontia may be prepared from the nitrate’ and car 
bonate of strontia, in the same manner as baryta. It resem- 
bles this earth in appearance, in infasibility, and in’ pos- 
sessing distinet alkaline’ properties. It slakes when mixéd- 
with water, causing an intense heat, and forming a white’ 
solid hydrate, which consists of 52 parts or one atom of stron-’ 
tia, and 9 parts or one atom of water. ‘The hydrate of stron- 
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tia fuses readily at a red heat, but sustains the strongest heat 
of a wind furnace without decomposition. It is insoluble in 
alcohol. Boiling water dissolves it freely, and a hot saturat- 
ed solution, on cooling, deposits transparent crystals in the 
form of thin quadrangular tables. ‘These crystals are com- 
posed, according to the analysis of Dr. Hope, of 52 parts or 
one atom of strontia and 108 parts or one atom of water. 
They are converted ‘by heat into the proto-hydrate. They 
require 50 times their weight of water at 60° F. for solution, 
and twice their weight at 212° F. (Dalton.) 

The solution of strontia has a caustic taste and alkaline re- 
action. Like the solution of baryta it is a delicate test of the 
presence of carbonic in air or other gaseous mixtures, form- 
ing with it the insoluble carbonate of strontia. 

The atomic weight of strontia, as deduced from the analy- 
ses of Berzelius, Stromeyer, and Thomson, i is 52; and conse- 
quently strontia, regarded as the protoxide of strontium, is 
composed. of 


Strontium ‘ , 4.4 or one atom. 
Oxygen ; : 8 or one atom. 


The deutoxide of strontium is prepared in the same man- 
ner as the corresponding preparation of baryta. It may like- 
wise be formed by pouring an aqueous solution of strontia 
into the deutoxide of hydrogen. According to Thénard, it 
contains twice as much oxygen as the protoxide. 

The soluble salts of strontia, like those of baryta, are pre- 
cipitated by alkaline carbonates, and by sulphuric acid or so- 
luble sulphates. Strontia is, distinguished from. baryta by 
forming with muriatic acid a salt, which crystallizes in the 
form of slender hexagonal prisms, deliquesces in a moist at- 
mosphere, and. dissolves freely in pure alcohol. The alco- 
holic solution, when set on fire, burns. with a blood-red flame; 
and the salts of strontia, when exposed to the blowpipe flame 
on platinum, wire, impart to it a red tinge. ) . 

_ The salts of strontia are most conveniently prepared from 
the carbonate. These compounds are not poisonous. 

The chloride of strontium is formed under precisely the 
same circumstances as the chloride of barium, and its compo- 
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sition is analogous. It is exceedingly soluble in boiling wa- 
ter, and requires twice its weight of water_at 60° F. for solu- 
tion. As already mentioned, it is soluble in alcohol. 

_ The sulphuret of strontium may be prepared by the pro- 
cesses referred to in the last section. It may be advanta- 
geously employed for forming the solution and salts of stron- 
tia, in the same manner as those of baryta are prepared from 
the sulphuret of barium. 


SECTION VI. 
CALCIUM. 


_. Tue existence of calcium, the metallic base of lime, was 
demonstrated by Sir H. Davy by a process similar to that de- 
scribed in the section on barium.’ It is of a whiter colour 
than barium or calcium, and is converted into lime by being 
oxidized. Its other properties are unknown. 

When carbonate of lime is exposed to a white or even to a 
very strong red heat, carbonic acid is expelled, and pure lime, 
commonly called guicklime, remains. If lime of great purity 
is required, it should be prepared from pure carbonate of 
lime, such as Iceland-spar or Carrara marble; but in burning 
lime in lime-kilns for making mortar, common lime-stone is 
employed. ‘The expulsion of carbonic acid is facilitated by 
mixing the carbonate with combustible substances, in which 
case carbonic oxide is generated. (Pages 210-11.) 

Lime is a brittle white earthy solid, the specific gravity of 
which is about 2.3. It phosphoresces powerfully when heat- 
ed to full redness, a property which it possesses in common 
with strontia and baryta. It is one of the most infusible bo- 
dies known; fusing with difficulty, even by the heat of the 
oxy-hydrogen blowpipe. It has a powerful affinity for wa- 
ter, and the combination is attended with great increase of 
temperature, and formation of a white bulky hydrate, which 
is composed of 28 parts or one atom of lime, and 9 parts. or 
one atom of water. The process of slaking lime consists in 


forming this hydrate, and the hydrate itself is called slaked 
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lime; It differs from the hydrates of strontia and baryta in 
parting with its water at a red heat. 

The hydrate of lime is dissolved very sparingly by water, 
and it is a singular fact, first noticed I believe by Mr. Dal- 
ton, that it is more soluble in cold than in hot water. Thus 
he found that one grain of lime requires for solution 

778 grains of water. at 60° F. 

972 : : uy es 130° 

1270 ; ; peat ee 212° 

And, consequently, on heating-asolution of lime, or lime- 
water, which has been prepared in the cold, a deposition of 
lime ensues. his fact was determined experimentally by 
Mr. Phillips, who has likewise observed that water at 32° 
F. is capable of dissolving twice as much lime as at 212° F. 

Owing to this circumstance pure lime cannot be made to 
crystallize in the same manner as baryta or strontia. Gay- 
Lussac succeeded, however, in obtaining crystals of lime by 
evaporating lime water under. the exhausted receiver of an 
air-pump by means of sulphuric acid, (page 55.) | Small tran- 
sparent crystals, in the form of regular hexaedrons are dépo- 
sited, which consist.of water and lime in the same proportion 
as the hydrate above mentioned. 

Lime water is prepared by mixing the hydrate of lime with 
water, agitating the mixture repeatedly, and. then setting it 
aside in a well-stopped bottle until the undissolved parts shall 
have subsided. The substance called milk or cream of lime 
is made by mixing the hydrate of lime with a sufficient quan- 
tity of water to give it the liquid form;—it is merely lime wa- 
ter in which hydrate’ of' lime is mechanically suspended: 

Lime water has’ a;harsh acrid taste, and converts vege- 
table blue colours to green.—It agrees, therefore, with ba- 
ryta and strontia 1n possessing distinct alkaline properties, 
Like the solutions of these earths, it has a strong affinity for 
carbonic acid, and forms. with it an insoluble carbonate. On 
this account lime water should: be carefully-protected from 
the air..' For the same reason, lime water is rendered turbid 
by a’solution of carbonic acid; but on adding a large quan- 
tity of the acid, the transparency of the solution is complete- 
ly restored, because carbonate of lime is soluble in an excess 
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of carbonic inti -'T’he action of this acid on the solutions of 
baryta and strontia is precisely similar.’ 
“'The atomic weight of lime, as deduced from the experi- 
ments of Dr. Thomson, is 28; and therefore lime, regarded 
as the protoxide of calcium, is composed of 20 subir or one 
atom of calcium, and one atom of oxygen. 

he deutoxide-of calcium may be formed in the same way 
as the deutoxide of strontium. ‘According to Thénard it 
consists of one atom of calcium and two atoms of oxygen. 

‘The salts of lime, which are easily prepared by the action 
of acids on pure marble, are in many respects similarly af- 
fected by reagents, as those of baryta and strontia. They 
are precipitated, for example, by alkaline carbonates. Sul- 
phuric acid and soluble sulphates likewise precipitate lime 
from a moderately strong solution. But the sulphate of lime 
has a considérable degree of solubility. Thus, a dilute. solu- 
tion of a salt of lime is not precipitated at all by sulphuric 
acid’; and when the sulphate of lime is separated, it may be 
redissolved by the addition of nitric acid. 

The most delicate test of the presence of lime is oxalate of 
ammonia; for of all the salts of lime, the oxalate is the most 
insoluble in water. This serves to distinguish lime from 
tmost substances, though not from baryta and strontia; be- 

eause the oxalates of baryta and strontia, especially the latter, 
are likewise sparingly soluble.—All these oxalates dissolve 
nie! in water acidulated with the nitric or muriatic acid. 

‘The best characters for distinguishing lime from the'two 
other alkaline earths, are the following. The nitrate of lime 
yields prismatic crystals by evaporation, is deliquescent in a 
high degree, and is very soluble in alcohol. The nitrates of 
baryta and strontia crystallize in: regular octahedrons or ség- 
ments of an octahedron, undergo no change on i eae to 
the air, and do not dissolve in pure alcohol. 

The salts'of lime; when heated before the blowpipe, or when 
their solutions in alcohol are set on fire, communicate to the 
flame a dull brownish-red colour. 

‘Chloride of Caleiwm. The chloride of calcium is formed 
in the same manner as the chloride of strontium. In decom- 
posing the muriate of lime by heat, a little muriati¢ acid is 
sométimes expelled as well as water. The chloride of cal- 
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cium is soluble in alcohol, and deliquesces rapidly on expo- 
sure to the atmosphere. On-account of its strong affinity for 
water, it is much employed to deprive gases and other sub- 
stances of their moisture. For a like reason, it may be used 
for forming frigorific mixtures with snow ; but for this pur- 
pose the crystallized muriate of lime, which contains six atoms 
of water of crystallization, is far preferable. 

The chloride of calcium contains one atom of each of its ele- 
ments. 

Chloride of Lime.—This compound, commpuly called oxy- 
muriate of lime, or bleaching powder, is prepared by expos- 
ing thin strata of recently staked lime..in fine powder to an 
atmosphere of chlorine. ‘The gas is absorbed. in large quant 
tity, and combines directly with the lime. 

The chloride of lime is a dry white powder, which smells 
faintly of chlorine, and has a strong taste. It dissolves. par- 
tially in water, and the solution possesses powerful bleaching 
properties, and contains both chlorine and lime; while the un- 
dissolved portion is hydrate of lime, retaining a small quanti- 
ty of chlorine. The aqueous solution, when, exposed. to the 
atmosphere, is gradually decomposed ;—chlorine is set free, 
and carbonate of lime is generated. | On boiling the liquid, 
muriatic, and I presume chloric, acid are formed; and by long 
keeping, the dry ch/oride appears to undergo a similar change, 
at least muriatic acid is produced in large quantity. The 
chloride of lime is also decomposed by a strong heat. At 
first, chlorine is evolved; but pure oxygen is afterwards dis- 
engaged, and chloride of calcium remains in the retort. 

The composition of the chloride of calcium was first care- 
fully investigated by Mr. Dalton,* and it has since been ana- 
lyzed by Dr. Thomson,+ M. Welter, { and Dr. Ure.§ The 
three first mentioned chemists infer from their researches that 
the bleaching powder is a hydrated swb-chloride or di-chloride 
of lime, in which 36 parts or one atom of chlorine are united 
with 56 parts or two atoms of lime. ‘They are also of opinion 
that, on mixing this sub-chloride with water, a real chloride 
is dissolved, and one atom of lime is separated. Dr. Ure, on 


yf | 
* Annals of Philosophy, vol. i. and ii. + Ibid. vol. xv. 
¢ An. de Ch. et de Ph. vol. viii. § Quarterly Journal, vol, xiii. 
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the contrary, denies that the bleaching powder is a sub-chlo- 
ride; and maintains, according to the result of his own ana- 
lysis, that the elements of this compound do not constitute a | 
regular atomic combination. 

Several methods have been proposed for eitimating the va- 
lue of different specimens of the chloride. of lime. Perhaps 
the most convenient for the artist is.that of Welter, which 
consists in ascertaining the power of the bleaching liquid to 
deprive a solutiom of indigo of known strength of its colour. | 
For analytical purposes, the best method is to decompose the 
chloride of lime, confined:in a glass tube over mercury, by 
means of muriatic acid.» ‘The muriate of lime is generated, 
andthe chlorine being set free, its quantity may easily be 
measured. 

The protosulphuret of calcium is procured bis processes si- 
milar to those for forming the sulphuret of barium. 

The phosphorescent substance called Canton’s penta 
which is made by exposing a mixture of calcined oyster shells 
and sulphur to a red heat, is supposed to be a sulphuret of 
lime; but its real composition has not been determined.» 

Phosphuret of Lime.—This compound is formed by pass- 
ing the vapour of phosphorus over fragments of quicklime at 
a red heat. The true nature of the product is not known with 
certainty. It is either a phosphuret of lime, or a mixture of 
phosphate of lime and phosphuret of calcium. When it is 
put into water, mutual decomposition ensues,' and phosphu- 
retted hydrogen, hypophosphorous acid, and pheaplnde acid 


are generated. 


SECTION VII. 
MAGNESIUM. 


Tue galvanic researches of Sir H. Davy have demonstrat- 
ed the existence of magnesium, though he obtained it in a 
quantity too minute for determining its properties. He ascer- 
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tained, however, that it decomposes water, and 1s converted 
by mixing with oxygen into magnesia. , 

Magnesia, the only known oxide of magnesium, is obtain- 

ed by exposing the carbonate of magnesia to a very strong 
red heat, by which the carbonic acid is expelled. It isa white 
fusible powder, of an earthy appearance; when pure, it has 
neither taste nor odour. Its specific gravity is about 2.3, It 
is exceedingly infusible. It has a weaker affinity than lime 
for water; for, though it forms a hydrate when moistened, 
the combination is effected with hardly any disengagement of 
caloric, and the product is readily decomposed by a red heat. 
There probably exist several different compounds of water 
arid magnesia, but the native hydrate is the only one known 
with certainty. According to the analysis of Stromeyer, this 
hydrate contains one atom of each of its constituents; and 
the results of the analyses of Berzelius and Dr. Fyfe accord 
yery nearly with this proportion. 
»|\ Magnesia dissolves very sparingly in water. According to 
Dri Fyfe, it requires 5142 times its weight of water at 60°, 
and 36,000 of boiling water for solution. The resulting li- 
quid does not change the colour of violets; but when pure 
magnesia is put upon moistened turmeric paper, it causes a 
brown stain.) From this there is no doubt that the inaction 
of magnesia with respect to vegetable colours, when. tried in 
the ordinary mode, is owing to its insolubility.—It possesses 
the still more essential character of alkalinity, that, namely, of 
forming neutral salts with acids, in an eminent degree.’ It 
absorbs both water and carbonic acid when exposed to the at- 
mosphere, and therefore should be kept in well-closed phials. 

The atomic weight of magnesia, as determined by Dr. 
Thomson, is 20. Consequently this alkaline base, regarded 
as the protoxide of magnesium, is composed of 


Magnesium » |», 12 or one atom, 
Oxygen 8 or-one atom. 


Magnesia is chasapipainad by the following properties. 
With the nitric’and muriatic acids it forms salts which are 
solublé in aléohol, ‘and exceedingly deliquescent. ‘The sul- 
phate of magnesia is very soluble in water, a circumstance 
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-by which it is distinguished from the alkaline earths. -Mag- 
-nesia is. precipitated from its salts as a bulky, hydrate by 
the pure alkalies. It is precipitated as carbonate of mag- 
mesia, by the carbonates of potassa and soda; but the bi- 
aarbonates, and the common carbonate of ammonia, do not 
-precipitate it inthe cold. If moderately diluted, the salts of 
“magnesia are not precipitated by oxalate of ammonia. By 
means of this reagent magnesia may be both eee 
7 separated from lime. 
~The compounds of magnesium with the other siaviple sub- 

cesta havelittle interest... The chloride is formed: by. de- 
composing the muriate of magnesia by heat;' but itis apt to 
Jose a portion of muriatic acid:during the process. It is‘very 
‘deliquescent, and issolublein alcohol. It, is composed of one 
atom of chlorine and one atom of miguanaut 


SECTION: VIII. 
ALUMINUM. 


«That alumina is’ an oxidized body is certain, for Sir H. 
‘Davy ascertained that potassa is generated when the vapour 
of potassium is' brought into contact with pure alumina heat- 
-ed to whiteness. It is hkewise probable, from the experi- 
ments of the same philosopher, that the base of this earth, 
‘though not-yet obtained in a separate state, is of a metallic 
nature.)''To: tas supposed metal an term ews 1s ap- 
plied. [¥ 0 | 1) OGL to 

Alumina is one of the most abundant eet geeinn of .na- 
ture. It is found in every region of the globe; and in rocks 
of all ages, being a constituent of) the oldest primary moun- 
tains, of the secondary strata, and of the most recent alluvial 
depositions. The different kinds’ of clay of which bricks, 
pipes, and earthen-ware are made, consist of the hydrate “of 
alumina in a greater or less degree of purity. Though’ this 
earth-commonly appears in rude amorphous masses, it is some- 
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times found beautifully crystallized.—The ruby and the sap- 
phire, two of the most beautiful gems with which we are ac- 
~quainted, are composed almost solely of alumina. 

Pure alumina is procured for chemical purposes from com- 
mon alum, the sulphate of alumina and potassa.. When this 
salt is digested with excess of ammonia or of the fixed al- 
kaline carbonates, the alumina is precipitated in the form of 
a white bulky hydrate. This precipitate, when carefully 
washed and heated to whiteness, yields pure anhydrous alu- 
mina. ‘An easier process, proposed by Gay-Lussac, is to ex- 
~pose the’sulphate of alumina and ammonia to a strong ~—e 
so as to expel the ammonia and sulphuric acid. 

Alumina has neither taste nor smell, and is quite in daha 
in water. It is very infusible, though less so than lime or 
magnesia. It has a powerful affinity for water, attracting 
moisture from the atmosphere with avidity ; and for a like 
reason, it adheres tenaciously to the tongue when applied to 
it. Mixed with a due proportion of water, it yields a soft 
cohesive mass, susceptible of being moulded into regular 
forms, a property upon which depends its employment in the 
art of pottery. When once moistened, it cannot be rendered 
anhydrous, except by exposure to a full white heat; and in 
proportion as it parts with water, its volume diminishes. (31.) 

Alumina most probably forms several different hydrates 
with water. Dr..'Thomson has described two definite com- 
pounds of this kind. One is the bi-hydrate, composed of one 
atom of alumina to two atoms of water; and it is procured 
by exposing, for the space of two months, alumina, precipitat- 
ed by means of an alkali, to a dry air, the temperature of 
which does not exceed 60° F. The other compound isa pro- 
tohydrate, obtained by drying the bi-hydrate at a temperature 
of 100° F., by which means half of its water is expelled. 

uveniaias owing to its insolubility, does not affect the blue 
colour of plants. The earth appears to possess the proper- 
ties both of an acid and of an alkali ;—of an acid, by unit- 
ing with alkaline bases, such as potassa, lime, and baryta;— 
of an alkali, by forming salts with acids. In neither case, 
however, are its soluble compounds neutral. | 

Dr. Thomson, after a most elaborate investigation, fixes 
upon 18 as the atomic weight of alumina. . (First Principles, 
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vol. i.) If, therefore, alumina is regarded as the protoxide 
of aluminum, it is composed of 


Aluminum . . «» »10 or one atom. 
Oxygen. ‘ ‘ 8 or one atom. 


Alumina is easily recognised by the following characters. 
1. It is separated from acids, as a hydrate, by all the alka- 
line carbonates, and by pure ammonia. 2. It is precipitated 
by pure potassa or soda, but the precipitate is completely re- 
dissolved by an excess of the alkali. 

The compounds of aluminum with the shee simple non- 
metallic bodies have not yet been investigated. 


SECTION IX. 
GLUCINUM, YTTRIUM, ZIRCONIUM. 


GLUCINUM. 


Glucina, which was discovered by Vauquelin in 1798, has 
hitherto been found only in three rare minerals, the euclase, 
beryl, and emerald. It is supposed by analogy to be the ox- 
ide of a metal, and its supposed metallic base is called Glu~ 
cinum. | . 

Glucina is a white powder, which has neither taste nor 
odour, and is quite insoluble in water. Its specific gravity is 
3. Vegetable colours are not affected by it. The salts which 
it forms with acids have a sweetish taste, a circumstance which: 
distinguishes glucina from other earths, and:from which its 
name is derived. * According to the analysis of Dr. Thom- 
son and Berzelius, 26 is the atomic weight of glucina. 

Glucina may be known chemically by the following char- 
acters. 1. Pure potassa or soda precipitates. ¢lucina from its 
salts, but an excess of the alkali redissolves it. 2. It is pre- 
cipitated permanently by pure ammonia as the hydrate, and 


* From yavxis Sweet. 
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by fixed alkaline carbonates, as the carbonate of glucina. 
3. It is dissolved completely by: a cold solution of carbonate: 
of ammonia, and is precipitated from it by boiling. By means 
of this property, glucina may be both een and se- 
parated from alumina. | 


YTTRIUM. 


Yttrium is the supposed metallic base of an earth which 
was discovered in 1794 by Professor Gadolin, in a mineral 
found at Ytterby in Sweden, from which it received the name: 
of Yitria. 

Yttria resembles alumina and glucina in its chemical pro-: 
perties ; but is distinguished from both by being insoluble in 
a solution of pure potassa. Its atomic weight, as deduced by 
Dr. Thomson from the analyses of Berzelius, is 42. 

The substance called. thorina, supposed by Berzelius to be 
a distinct earth, has recently been recognised by that chemist 
as. the phosphate of yttria. 


ZIRCONIUM. 


The experiments of Sir H. Davy proved zirconia to. be an 
oxidized body, and afforded a presumption that its base, 2%7'- 
conium, is of a metallic nature. 'The decomposition of this 
earth, however, had not been effected in a satisfactory man- 
ner till the year 1824, when Berzelius succeeded in obtaining, 
zirconium im an insulated state. 

Zirconium is procured by heating a mixture of potassium 
with the fluate of zirconia and. potassa, carefully dried, in a 
tube of glass or iron, by meansof a spirit-lamp. The reduc- 
tion takes place at a temperature below redness, and without 
emission of light. The mass is them washed with boiling 
water, and afterwards digested for some time in dilute muri-, 
atic acid. The residue is pure zirconium. . 

Zirconium, thus obtained, is in the form of a ial 
powder, which may be boiled in water without being oxidiz-_ 
ed, and is attacked: with difficulty by the sulphuric, muria- 
tic, or nitro-muriatic acids; but is dissolved readily and — 
with disengagement of hydrogen by fluoric acid. Heated in 

4 


SILICIUM. 369. 


the Open air it takes fire’at a temperature far below lumi- 
nousness, burns brightly, and is converted into zirconia. Its 
metallic nature seems somewhat questionable. It ‘may in- 
deed be pressed out into thin shining, scales.of a dark’ grey 
colour, and of a lustre which may be called metallic; but. its 
particles cohere together very feebly, and. it is not a conduc- 
tor of electricity... These points, however, require further in- 
vestigation before a decisive opeiion on the subject can be 
nil Fo 

. Zirconia was crn in 1789 by Klaproth in the m7 ar- 
gon or Zircon of Ceylon, and has since been found. in the 
Hyacinth from, Expailly in France. It is an. earthy sub- 
stance, resembling alumina.in appearance, of specific gravity 
4.3, having neither taste nor odour, and quite msoluble 
in-water.. Its colour, when pure, is white; but it has fre- 
quently a tinge of yellow, owing to the presence of iron, from 
which it is separated with great difficulty. Its salts are dis- 
tinguished from those of alumina or glucina by being preci- 
pitated. by all the pure alkalies, in an excess of which it’ is in- 
soluble. The alkaline carbonates precipitate it. as the car- 
bonate of zirconia, and a small. portion of it is redissolved by 
an excess of the precipitant. 

The composition of zirconia has not yet been satisfactorily: 
determined,, _From some analyses by Berzelius, described in 
the essay above referred to, itis probable that the atomic 
weight of this earth is about 30 or 33, 


‘ SECTION X. 
SILICIUM. 


Tuar ae or Teas earth is composed of a 1 combustis 
ble body united with oxygen, was demonstrated by Sir H. 
Davy ; for on bringing the vapour of potassium in contact 
with pure silica, heated. to.,whiteness, a compound of silica 


‘* Roggendorff’s Annalen, vol. iv. or Quarterly: Journal of Science, vol. xvii. | 
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and potassa resulted, through which was diffused the inflam- 
mable base of silica in the form of black particles like plum- 
bago. To this substance, on the supposition of its being a 
metal, the term si/ictum was applied. But though this view 
has been adopted by most chemists, so little was known with 
certainty concerning the. real nature of the base of silica, that 
Dr. Thomson inclined ‘tothe opinion of its being a non-me- 
tallic body, and accordingly associated it in his system of 
chemistry with carbon and boron under the name of silicon. 
The recent researches of Berzelius appear decisive of this 
question. A substance which wants the metallic lustre, and 
is a non-conductor of electricity, cannot be regarded as a me- 
tal. It may not be improper, however, to have this subject 
more fully investigated, before separating silica from a class 
of bodies with which, in several respects, it is so nearly allied. 

Pure silicium was procured by Berzelius in the year 1824, 
by the action of potassium on fluosilicic acid gas. ‘The most 
convenient method of preparing it is by heating potassium 
with the dry fluate of silica and potassa. The residue, after 
being well washed with hot water, is heated to redness to ex- 
pel a little hydrogen which was united to the siliclum, and it 
is then digested in dilute fluoric acid, with the view of dissolv- 
ing adherent particles of silica. 

Silicium obtained in this manner has a dark nut-brown co- 
lour, without the least trace of metallic lustre. It is a non- 
conductor of electricity. It is imcombustible in air and in 
oxygen gas; and may be exposed to the flame of the blow- 
pipe without fusing or undergoing any other change. It is 
neither dissolved nor oxidized by the sulphuric, nitric, muri- 
atic, or fluoric acids; but a mixture of the nitric and fluoric 
acids dissolves it readily even in the cold. 

Silicium is not changed by ignition with chlorate of po- 
tassa. In nitre it does not deflagrate until the temperature 
is raised so. high that the acid is decomposed ; and then the 
oxidation is effected by the affinity of the disengaged alkali 
for silica co-operating with the attraction of oxygen for sili- 
cium. Fora similar reason it burns vividly when brought 
into contact with the carbonate of potassa or soda, and the 
combustion ensues at a temperature considerably below red- 
ness. It explodes, in consequence of a copious evolution of 
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hydrogen, when it is dropped upon the fused hydrates of 
potassa, soda, or baryta. 


OXIDE OF SILICIUM OR SILICA. 


Silica exists in the earth in great quantity. It enters 
into the composition of most of the earthy minerals; and un- 
der the name of quartz rock, forms independent mountainous 
masses. It is the chief ingredient in sand-stones ; and. flint, 
calcedony, rock crystal, and other analogous substances, con- 
sist almost solely of silica. Siliceous earth of sufficient purity 
for most purposes may, indeed, be procured by igniting trans- 
parent specimens of rock crystal, throwing them while red-hot 
into water, and then reducing them to powder: 

Pure silica, in this state, is a light white powder, which 
feels rough and dry when rubbed between the fingers, and is 
both insipid and inodorous. It is fixed in the fire, and is very © 
infusible ; but fuses before the oxy-hydrogen blowpipe _ 
greater facility than lime or magnesia. 

In its solid form it is quite insoluble in water; but Berze- 
lius has shown that, when silica in the nascent state is in con- 
tact with that fluid, it is dissolved in large quantity. On eva- 
porating the solution gently, a bulky gelatinous substance se- 
parates, which is the hydrate of silica. This hydrate is par- 
tially decomposed by a very moderate temperature ; but a red 
heat is required for expelling the whole of the water. Ac- 
cording to.Dr. Thomson, silica unites with water in several 
proportions. ‘ (First Principles, vol. i. p. 191.) 

Silica, most likely from its insolubility, does not ‘change 
the blue vegetable colours. It appears to possess the proper- 
ties of an acid rather than of an alkali: Thus, no acid acts 
upon silica except the fluoric acid ; whereas it is dissolved by 
solutions of the fixed alkalies, and combines with many of the 
metallic oxides. On this account silica is termed silicic acid © 
by some chemists,.and its compounds with alkaline bases 
silicates. 'The compound earthy minerals that contain silica 
may be regarded as native silicates. | 

The combination of silica with the fixed alkalies is best ef: 
fected by mixing pure sand with the carbonate of potassa or 
soda, and heating the mixture'to redness. During the pro: 
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cess, carbonic acid is expelled, and a silicate of the alkali, is 
generated. The nature of the product depends upon the 
proportions which are employed. On igniting one part of 
silica with three of the carbonate of potassa, a vitreous mass 
is formed, which is deliquescent, and may be dissolved com- 
pletely in water. This solution, which was formerly called 
liquor silicum, has an alkaline reaction, and absorbs carbonic 
acid on exposure to the atmosphere, by which it is partially - 
decomposed. Concentrated acids precipitate the silica as a 
gelatinous hydrate; but if a considerable quantity of water 
is present, and the acid is added gradually, the alkali may be 
perfectly neutralized without any separation of silica. When 
a solution of this kind is evaporated to dryness, the silica is 
rendered quite insoluble, and may thus be obtained ina pure 
form. | 

But if the proportion of silica and alkali is reversed, a 
transparent brittle compound results, which is insoluble in 
water, is attacked by none of the acids excepting the fluoric, 
and possesses the well-known properties of glass. . Every 
kind of glass is composed of silica and an alkali, and all 
its varieties are owing either to differences in the propor- 
tion of the constituents, to the nature of the alkali, or to 
the presence of foreign matters. Thus the green bottle 
glass is made of impure materials, such as river sand, which 
contains iron, and the most common kind of kelp or pear] 
ashes. Crown glass for windows is made of a purer alkali, 
and sand which is free from iron. Plate glass, for look- 
ing glasses, is composed of sand and alkali in their purest 
state; and in the formation of flint glass, besides these pure 
ingredients, a considerable quantity of litharge or red lead is 
employed. A small portion of the peroxide of manganese 
ts also used, in order to oxidize carbonaceous matters contain- 
ed in the materials of the glass ; and nitre is sometimes added 
‘ with the same intention. : 

Berzelius ascertained the composition of silica by oxidizing 
a known quantity of silici1um, and weighing the product care- 
fully ; and according to this synthetic experiment, 100 parts 
of silica are composed of 48 parts of siliclum and 52 parts of 
oxygen. The atomic weight of silica, deduced apparently 
with great care by Dr. Thomson, is precisely 16. Admitting, 
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therefore,’ that an atom of silica contains 8 parts or one atom 
of oxygen, (and, it manifestly, if 16 is its equivalent, cannot 
contain more thanone atom,) it follows that the remaining 
8 parts must be silicium, an inference which accords very 
nearly with the experimental result of Berzelius. Conse- 


quently, 8 must be the atomic weight of silicium, and silica 
is its protoxide. prviel | . 


FLUOSILICIC ACID GAS, 


This gas is formed whenever fluoric acid comes in contact 
with siliceous earth ; and this is the reason why pure fluoric 
acid can be prepared in metallic vessels only, and with fluor 
spar that is free from rock crystal. ‘The most convenient me- 
thod of procuring the gas is to mix ina retort one part of 
pulverized fluor spar with its own weight of sand or pounded 
glass, and two parts of strong sulphuric acid. On apply- 
ing a gentle heat, fluosilicic acid gas is disengaged with 
effervescence, and may be collected over mercury. 

This compound is a colourless gas, which extinguishes 
flame, destroys animals that are immersed in it, and irritates 
the respiratory organs powerfully. It does not corrode glass 
vessels provided they are quite dry. When mixed with at- 
mospheric air it forms a white cloud, owing to the presence 
of watery vapour. Its specific gravity, according to Dr. 
Thomson, is 3.6111 ; and 100 cubic inches of it, at 60 F. 
and when the barometer stands at 80 inches, weigh 110.138 
grains. ais 

Water acts powerfully on fluosilicic acid gas, of which it 
condenses, according to Dr. John Davy, 263 times its volume. 
(Philos. Trans. for 1812.) The gas suffers decomposition at. 
the moment of contact with water, depositing a part of its 
silica in the form of gelatinous hydrate. The liquid, which 
has a sour taste and reddens litmus paper, contains the whole 
of the fluoric acid, together with two thirds of the silica which 
was originally present in the gas. (Berzelius.) By conduct- 
ing fluoric acid gas into a solution of ammonia, complete de- 
composition ensues ;—fluoric acid unites with the alkali, form- 
ing fluate of ammonia, and all the silica is deposited. ' On 
this fact is founded the mode of analyzing fluosilicic acid, 
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adopted by Dr. Davy and Dr. Thomson. According to Dr. 
Fhomson, whose result may be regarded as nearer the truth 
than that of Dr. Davy, this gas is composed of 


Fluorie acid i : 10 or one atom. 
Silica ; , 16 or one atom. 
and 26 is its combining proportion. 


The prevailing opinion respecting the nature of this com- 
pound is, that it is an acid capable of combining with alka- 
lies; and its salts are termed fluosilicates. The foundation: 
of this opinion rests upon the facts, that it reddens litmus pa- 
per, and combines with twice its volume of ammoniacal gas, 
forming a dry white salt. Berzelius has recently adopted a 
different view. He maintains that it is not an acid, but a 
real gaseous salt, the fluate of silica, of which fluorie acid ts 
the acid and silica the base. He regards the fluosilicates as 
double salts, which are composed of the fluate of an alkalt 
united with the fluate of silica. (An. de Ch. et de Ph. vol. 
XXvH.) 


SECTION XI. 
MANGANESE. 


. Maneanese, which was discovered in 1774 by Gahn and 
Scheele, is a hard brittle metai, of a grayish-white colour, and 
granular texture. Its specific gravity is 6.85. When pure 
it isnot attracted by the magnet. It is exceedingly infusible, 
requiring a heat of 160° Wedgwood for fusion. It soon tar- 
nishes on exposure to the air, and absorbs oxygen with rapi- 
dity when heated to redness in open vessels. Pure water does 
not act upon it at common temperatures ; but if watery va- 
pour be passed over manganese at a red heat, oxidation of 
the metal ensues, and hydrogen gas is disengaged. The de- 
composition of water is likewise occasioned by dilute muriatic 
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er sulphuric acid, and the muriate or sulphate of the protoxide 
of manganese is the product. 

Manganese, owing doubtless to its powerful affinity for oxy- 
gen, has never been found in an uncombined state in the 
earth; but the peroxide of manganese occurs abundantly. 
This metal retains its oxygen with such force that its oxides 
require a stronger heat for reduction than potassa or soda. 
The method by which Gahn succeeded in procuring metallic 
manganese, was by exposing the peroxide, surrounded with 
charcoal, to the most intense heat of a smith’s forge; and this 
process has been successfully repeated by others. (Berthier 
in An. de Ch. et de Ph. vol. xx.) 


OXIDES OF MANGANESE. 


Different opinions have prevailed concerning the number of 
the oxides of manganese ; nor do chemists, even at present, 
seem quite decided upon the subject. It is certain, however, 
that there are three distinct oxides ; and it appears from the 
experiments of Thomson, * whose results agree closely with 
those of Arfwedson, + and Berthier,{ that they are thus 
constituted :— } 


Manganese. Oxygen. 
Protoxide . 28, or one atom, 8, or one atom. 
Deutoxide . 28 ‘ f 12, or 14 atom. 
Peroxide 28 ‘ ‘ 16, or 2 atoms. 


Peroxide. This is the well-known ore commonly called 
from its colour the black oxide of manganese, the nature of 
which was ascertained in 1774 by Scheele. It generally 
occurs massive, of an earthy appearance, and mixed: with 
other substances, such as siliceous and aluminous earths, ox- 
ide of iron, and carbonate of lime. It is sometimes found, 
on the contrary, in the form of prismatic crystals, of a brown- 
ish-black colour, and imperfect metallic lustre. 1 possess a 


* First Principles, vol. i. 
+ Letter from Berzelius in the Annales de Obs et de Ph. vol. vi. 
+ Ibid. xx. 
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crystallized specimen of this kind from Ilefeld in the Harz, 
which is quite pure. This oxide may be made artificially 
by exposing the nitrate of manganese to a commencing red 
heat, until the whole of the nitric acid is expelled. 

The peroxide of manganese undergoes no change on ex- 
posure to the air. It is insoluble im water, and does not 
unite either with acids or alkalies. When boiled with ‘sul- 
phurie acid, it yields oxygen gas, and a sulphate of the pro- 
toxide is formed, (Page 149.) With muriatic acid, a muriate 
of the protoxide is generated, and chlorine is evolved. (Page 
234.) On exposure to a red heat, it is converted, with evo- 
lution of oxygen gas, into the deutoxide’ of manganese. 
(Page 149.) 

The peroxide of manganese is employed in the arts, in the 
manufacture of glass, and in preparing chlorine for bleaching. 
In the laboratory it is used for procuring chlorine and oxy- 
gen gases, and in the preparation of the salts of manganese. | 

Deutoxide. This oxide combined with water sometimes 
occurs native. It is readily procured by exposing the per- 
oxide of manganese to a low red heat; and it is, therefore, 
the chief residue of the usual process for forming oxygen. By 
exposure toa white heat it is converted into what 1s called the 
red oxide of manganese. 

The deutoxide, when reduced to powder, is of a brown 
colour. On exposure to the air, it slowly absorbs oxygen, 
and passes into the state of peroxide. It is dissolved by strong 
sulphuric and muriatic acids in the cold, forming deep red- 
coloured solutions. With strong nitric acid it yields a soluble 
protonitrate, and an insoluble black oa which is the per- 
oxide. (Berthier.) 

Protoxide. 'The protoxide is formed when a mixture of 
the deutoxide of manganese and charcoal! is exposed to a 
strong red heat; or by passing a current of hydrogen gas 
over the deutoxide heated to redness in a tube of porcelain. 
This oxide is of a. green colour when pure, but becomes brown 
on exposure to the air, owing to the absorption of oxygen. 
It is contained in all the salts of manganese, and, indeed, it 
is the only oxide of this metal which is capable of forming 
regular salts with acids, 
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The sulphate and muriate of manganese are formed when 
the peroxide of manganese is heated odbeith sulphuric or mu- 
riatic acid. Prepared i in this way, however, they always con- 
tain iron and other impurities: A convenient method of 
forming a pure muriate is by heating to redness a mixture of 
the peroxide of manganese with an equal weight of the mu- 
riate of ammonia. In this process the chlorine of the mu- 
riatic acid unites with the metal of the oxide to the exclusion 
of every other substance, provided an excess of manganese 
be present. The resulting chloride is then dissolved in wa- 
ter, and the insoluble matters separated by filtration. (Fara- 
day in Quarterly Journal, vol. vi.) 

The salts of manganese are either colourless, or have a 
pink hue. “The protoxide is precipitated from their solutions, 
as the white hydrate by ammonia, or the pure fixed alkalies; 
as the white carbonate of manganese by alkaline carbonates 
and bicarbonates; as the white ferrocyanate of manganese, 
by the ferrocyanate of potassa, a character by which the ab- 
sence of iron may be demonstrated. ‘These white precipi- 
tates; with the exception of that obtained by means of a bi- 
carbonate, very soon become brown from the absorption of 
oxygen. None of the salts of manganese which contain a 
strong acid, such as the nitric, muriatic, or sulphuric acid, 
are precipitated ‘by sulphuretted hydrogen. With an alka- 
line hydrosulphuret, on the contrary, a flesh-coloured preci- 
pitate is formed, which is either a hydrosulphuret of the pro- 
toxide, or a hydrated protosulphuret of metallic manganese, 
When heated in close vessels, it yields a dark-coloured sul- 
phuret, and water is evolved. 

The substance called the red ovide of manganese is doried 
by exposing the peroxide or deutoxide to a white heat, either 
‘in close or open vessels. It has a brownish-red colour when 
in powder. Fused with borax or glass, it communicates to it 
a beautiful violet hue; and it is the cause of the colour of the 
amethyst. Concentrated hot nitric acid acts tpon it in the 
same manner as on the deutoxide. 

The red oxide contains more oxygen than the protdxide, 
and less than the deutoxide.. According to Arfwedson, it 
consists of 28 parts of manganese, and 10.4 parts of oxygen, 
quantities which do not correspond with the laws of combi- 
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nation. Its title to be ranked as a distinct oxide of manga- 
nese may, therefore, be questioned; and. I have reason to 
suspect, from a series of experiments on this subject, as yet 
however incomplete, that the composition of this oxide varies 
with the degree of heat to which it has been exposed. It is 
-probably a mixture or compound of the protoxide and deu- 
toxide. , 

It has been inferred from some experiments of Berzelius 
and John, that there are two other oxides, of manganese, 
which contain less oxygen than the green or protoxide. We 
have no proof, however, of the existence of such compounds. 

Besides the oxides of manganese which have been describ- 
ed, this metal is capable of forming two acids with oxygen, 
the manganeseous and the manganesic acid. The history of 
these compounds is .the following. When the peroxide of 
manganese is mixed with an equal weight of nitre or carbo- 
nate of potassa, and the mixture 1s exposed. to a red heat, a 
green-coloured fused mass is formed, which has been long 
known under the name of mineral chameleon. On putting 
this substance into water, .a green solution is obtained, the 
celour of which soon passes into blue, purple, and red; and 
ultimately, a brown flocculent matter, the deutoxide of man- 
ganese, subsides, and the liquid becomes colourless. These 
changes take place more rapidly by dilution, or by employ- 
ing hot water. 

We are indebted to MM. Chevillot and Edwards for a 
consistent explanation of these phenomena.* They demon- 
strated that the peroxide of manganese, when fused with po- 
tassa, absorbs oxygen from the atmosphere, and is thereby 
converted into an acid, the manganesic, which unites with 
the alkali. They attributed the different changes of colour 
above mentioned to the combination of this acid with differ- 
ent proportions of potassa, . By evaporating the red solution 
rapidly, they succeeded in obtaining a manganesiate of po- 
tassa in the form of small prismatic crystals of a purple co- 
lour.: This salt yields oxygen to combustible substances with 
great facility, and detonates powerfully with phosphorus, It is 
decomposed when in solution by very slight causes, being con- 
verted into the deutoxide of manganese. 


* Ann. de Ch. et de Ph. vol. viii. 
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The subsequent researches of Dr. Forchhammer render it 
probable that the green and red colours are produced by two 
acids, the manganeseous and manganesic, the former giving 
‘rise to the green, and the latter to the red. He succeeded in 
forming a solution of manganesic acid in the following man- 
ner. A mixture of the nitrate of baryta was heated with the 
peroxide of manganese, by which means the manganesite of 
baryta was generated; and to this salt, after having been 
well washed with water, a quantity of dilute sulphuric acid 
was added, precisely sufficient for combining with its base. 
The manganeseous acid, at the moment of being set free, re- 
solved itself into the deutoxide of manganese and manganesic 
acid, and the latter, dissolving in the water, formed a beauti- 
ful red solution, Dr. Forchhammer infers from his analysis 
of these compounds, that the manganeseous acid contains 
three and the manganesic four atoms of oxygen united with 
one atom of manganese. - (Annals of Philosophy, vol. xvi.) 

Chloride of Manganese.—This compound is made by heat- 
ing the muriate of manganese in a glass vessel from which 
the atmospheric air is excluded. It fuses readily at a red 
heat, and forms a pink-coloured lamellated mass on cooling. 
It is deliquescent, and of course very soluble in water, being 
converted by that fluid, with evolution of caloric, into the 
muriate of manganese. According to the analysis of Dr. J. 
Davy it contains 36 parts of chlorine and 30.6 of manga- 
nese ;* but Dr. Thomson states the quantity of manganese 
at 28. 

The protosulphuret of manganese may be procured by ig- 
niting the sulphate with one-sixth of its weight of charcoal 
in powder.—(Berthier.) It is also formed by the action of 
sulphuretted hydrogen on the protosulphate at a red heat.— 
(Arfwedson in An. of Phil. vol. vu. N.S.) It occurs native 
in Cornwall and at Nagyag in Transylvania. It dissolves 
completely in dilute sulphuric or muriatic acid, with disen- 
gagement of very pure sulphuretted hydrogen. 


* Philosophical Transactions for 1812. 
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SECTION XII. : 


IRON. 

Tron has a peculiar gray colour, and strong metallic lustre, 
which is susceptible of being heightened by polishing. In 
ductility and malleability it is inferior to several metals, but 
it exceeds them all in tenacity. (Page $23.) At common tem- 
peratures it is very hard and unyielding, and its hardness 
may be increased by being heated and then suddenly cooled ; 
but it is at the same time rendered brittle. When heated to 
redness it is remarkably soft and pliable, so that it may be 
beaten into any form, or be intimately incorporated or weld- 
ed with another piece of red-hot iron by hammering. Its 
texture is fibrous, and its specific gravity ‘7.78. In its 
pure state it is exceedingly infusible, requiring for fusion a 
temperature of 158° of Wedgwood’s pyrometer. It is at- 
tracted by the magnet, and may itself be rendered perma- 
nently magnetic by several processes ;—a ‘property of great 
interest and importance, and which is possessed by no other 
metal excepting cobalt and nickel. 

The existence of pure native iron is as yet questionable ; 
for all the masses of meteoric iron hitherto examined con- 
tain nickel and cobalt. (Stromeyer.) Metallic iron is:easily 
procured by heating the native oxide with charcoal; but 
when thus obtained it is never quite free’ from carbonaceous 
matter. ‘The only method of preparing iron absolutely pure, 
is by passing dry hydrogen gas over the bids oxide heated 
to redness in a tube of porcelain. 

Iron has a strong affinity for oxygen. In a perfectly ai 
atmosphere it undergoes hardly any change; but when 
moisture is likewise present, 1t oxidizes or rusts in the course 
of a few days. Heated to redness in the open air, it absorbs 
oxygen rapidly, and is converted into black scales, called the 
black oxide of iron; and in an atmosphere of oxygen gas it 
burns with vivid scintillations. 
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OXIDES OF IRON. 


Iron combines with oxygen in two proportions only, form- 
ing the blue or protoxide, and the red or peroxide of iron. | 
Both these compounds are capable of yielding a crystal- 
lizable salts with acids. 

Protoxide.—This oxide is the base of the native dudbenatt 
of iron,.and of the green vitriol of commerce. Its existence 
was inferred some years ago by Gay-Lussac ; (An. de Ch. vol. 
Ixxx.) but Stromeyer first obtained it in an insulated form 
by passing dry hydrogen gas over the peroxide of iron at a 
very low temperature. (Edinburgh Journal of Science, No. 
X.) 

The protoxide of iron has a dark blue colour, and when 
melted with vitreous substances cominunicates to them a 
tint of blue. It is attracted by the magnet, though’ less 
powerfully than metallic iren. It is exceedingly combusti- 
ble ; for when fully exposed to air at common temperatures, 
it suddenly takes fire and burns vividly, being reconverted int 
to the peroxide. Its salts, particularly when in solution, ab- 
sorb oxygen from the atmosphere with such rapidity that 
they may even be employed in eudiometry. This protoxide 
is always formed with evolution of hydrogen gas when metal- 
lic iron is put into dilute sulphuric or muriatic acid ; and its 
composition may be determined by collecting and measuring 
the gas which is disengaged. According to Gay-Lussac it is 
composed of 8 parts of oxygen, and 28.3 parts of iron; but 
Dr. Thomson infers from an analysis of the protosulphate of 
iron, that the quantity of iron united with 8 parts of oxygen 
is 28 precisely. “py atomic weight of the protoxide is sas 
fore 36. | 

The protoxide of iron is precipitated as a’ white hydrate 
by pure alkalies, as a white carbonate by alkaline carbonates, 
and as a white ferrocyanate by ferrocvanate of potassa. The 
two former precipitates become first green and then red, and 
the latter green and blue by exposure to the air. The solu- 
tion of gall-nuts produces no change of colour. Sulphuretted 
hydrogen does not act if the protoxide is united with any of 
the stronger acids ; but the alkaline hydrosulphurets cause a 
black precipitate, the protosulphuret of iron. 


\ 
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Peroxide—The red or peroxide is a natural product, known 
to mineralogists under the name of red hematite. It some- 
times occurs massive, at other times fibrous, and occasionally 
in the form of beautiful rhomboidal crystals. It may be 
made chemically by dissolving iron in nitro-muriatic acid, 
and adding an alkali. The hydrate of the red oxide of a 
brownish-red colour ‘subsides, which is identical in composi- 
tion with the mineral called brown hematite, and consists of 
40 parts or one atom of the peroxide, and 9 parts or one 
atom of water. | 

The peroxide of iron is not attracted by the magnet. Fused 
with vitreous substances it communicates to them a red or yel- 
low colour. It combines with most of the acids, forming salts, 
the greater number of which are red. Its presence may be de- 
tected by very decisive tests. The pure alkalies, fixed or vo- 
latile, precipitate it as the hydrate. ‘The alkaline carbonates 
have a similar effect, for the peroxide of iron does not form 
a permanent salt with carbonic acid. With the ferrocyanate 
of potassa it forms Prussian blue, the ferrocyanate of the per- 
oxide of iron. The sulphocyanate of potassa causes a deep 
blood-red, and infusion of gall-nuts, a black colour. Sul- 
phuretted hydrogen converts the peroxide into the protox- 
ide of iron, and a deposition of sulphur takes place at the 
same time. These re-agents, and especially the ferrocyanate 
and sulphocyanate of potassa afford an unerring test of the 
presence of minute quantities of the peroxide of iron. On 
this account it is customary, in testing for iron, to convert 
it into the peroxide, which is easily effected by boiling the 
solution with a small quantity of nitric acid, 

The researches of several chemists, such as Gay-Lussac, 
Berzelius, Bucholz, and. Thomson, leave no doubt that the 
oxygen contained in the blue and red oxides of iron is in the 
ratio of one to one and a half. Consequently, the per-oxide 
consists of 28 parts or one atom of iron and 12 parts or an 
atom and a half of oxygen. (Page 131.) 

Black oxide. 'This substance, long supposed to be the 
protoxide of iron, contains more oxygen than the blue, and 
less than the red oxide. It cannot be regarded as a definite 
compound of iron and oxygen; but is composed of the two 
real oxides united.in a proportion which is by no means con- 
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stant. It occurs native, frequently crystallized in the form 
of a regular octahedron, which is not only attracted by the 
magnet, but is itself sometimes magnetic. It is always form- 
ed when iron is heated to redness in the open air; and is like- 
wise generated by the contact of watery vapour with iron at 
a red heat. ‘The composition of the product, however, va- 
ries with the duration of the process and the temperature 
which is employed. Thus, according to Bucholz, Berzelius, 
and Thomson, 100 parts of iron, when oxidized by steam, | 
unite with nearly 30 of oxygen; whereas in a similar expe- 
riment performed by Gay-Lussac, 37.8 parts of oxygen were 
absorbed. 'The oxide of Gay-Lussac may be regarded as a 
compound of one atom of the protoxide and two atoms of the 
peroxide ; and Berzelius is of opinion that the composition of 
magnetic iron-ore is similar. 

The nature of the black oxide is further elucidated by the 
action of acids, On digesting the black oxide in sulphuric 
acid, an olive-coloured solution is formed, containing two salts, 
sulphate of the peroxide and protoxide, which may be sepa- 

rated from each other by alcohol. (Proust and Gay-Lussac.) 
' These mixed salts give green precipitates with alkalies, and 
a very deep blue ink with an infusion of gall-nuts. 

The black oxide of iron is the cause of the dull green co- 
lour of bottle glass. 

Chlorides of iron.—Chlorine unites in two proportions with 
iron, forming compounds which were described in 1812 by 
Dr. John Davy. The protociloride is made by evaporating 
a solution of the protomuriate to dryness, and heating it to 
redness in a glass tube from which the air is excluded. The 
resulting chloride has a gray colour, a lamellated texture, and 
metallic lustre. It is composed of one atom of each element, 
and is converted by water into the protomuriate of iron. 

_. The perchloride is formed by burning iron wire in an at- 

mosphere of chlorine. It is of a bright yellowish-brown co: 
lour, crystallizes in small iridescent plates, and is volatile at 
a temperature a little above 212°F. It consists of one atom 
of iron and an atom and.a half of chlorine, and forms with 
water a red-coloured solution, which is the permuriate of 
iron. 
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An iodide of iron may be formed by heating iron in the 
vapour of iodine. It is converted by water into the hydriodate. 

Seulphurets of iron.—There are two compounds of iron and 
sulphur, both of which are natural products. ‘The protosul- 
phuret is the magnetic iron pyrites of mineralogists. It is a 
brittle yellow substance, of a metallic lustre, and is feebly 
attracted by the magnet. By exposure to air and moisture, 
it is gradually converted into the protosulphate of iron. It 
may be made artificially by igniting the protosulphate of iron 
with charcoal ; or still more conveniently by heating a mix- 
ture of iron filings and sulphur. . (Page 293.) It is dissolved 
completely and readily by dilute sulphuric or muriatic acid, 
with disengagement of sulphuretted hydrogen. It is coms 
‘posed of one atom of iron and one atom of sulphur. 

The bisulphuret, which contains two atoms of sulphur, is 
the common iron pyrites. When heated to redness, it loses 
half its sulphur, and is converted into the protosulphuret. It 
is insoluble in sulphuric and muriatic acid. 

Phosphuret of tron.— This compound may be formed by 
heating the phosphate of iron with charcoal. It is sonietimes 
contained in metallic iron, to the properties of which it is ex- 
ceedingly injurious by causing it to be brittle at common tem- 
peratures. 

Carburets of iron.—Carbon and iron unite in very various 
proportions; but there are four compounds which are distinct 
from one another, namely, cast or pig iron, steel, cast steel, 
and graphite or plumbago. | 

The native oxides of tron, which commonly contain argi- 
laceous and siliceous substances, are reduced to the metallic 
state by the action of coke or charcoal and lime at a high 
temperature. The oxygen of the oxide of iron unites with one 
portion of carbon, and the metal with another, yielding car- 
bonic acid and carburet of iron; while the earthy substances 
together with a little oxide of iron enter into combination, 
forming a vitreous substance called slag, which rises to the 
surface. The fused carburet is then drawn off by an aper- 
ture at the bottom of the furnace, and received in hollows or 
moulds made with sand. In this state it is neither ductile 
nor malleable, but very brittle; and fuses with such facility 
at a red heat that it cannot be welded. It is highly crystal- 
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line, and, its texture is granular. . It contains about 1-43d of 
its. weight of carbon, together with small quantities of manga- 
hese, calcium, silicium, and probably aluminum ; and besides 
these substances, which are chemically combined with the 
iron, particles of charcoal, earthy matters, and unreduced ore, 
are frequently inclosed within it. 

Cast iron is converted into malleable iron by exposure in a 

reverberatory furnace to the combined action of air and in- 
tense heat. During this process all the decomposed ore is 
reduced, earthy matters rise to the surface as slag, and the 
carbon is oxidized. As the purity of the iron increases, its 
fusibility dirainishes, until at length, though the temperature 
remaiis the same, the iron becomes solid. It is then sub- 
jected, while still hot, to the operation of rolling or hammer- 
ing, by which its particles are approximated. The metal, 
thus procured, is no longer a carburet, but is the purest iron 
.of commerce. It is not, however, absolutely pure ; for Ber- 
zelius has: detected in it about one-half per cent. of carbon, 
and it: likewise appears to contain silicium. 
Steelis made by exposing bars of the purest malleable 
iron, surrounded with charcoal in powder, to a long-continued 
red.heat. During this process the iron unites with about 
1-150th of its weight of carbon, and acquires new properties. 
In ductility and malleability it is far inferior to iron ;_ but ex- 
ceeds it greatly 1 in hardness, sonorousness, and clasticity. Its 
texture is more compact than that of iron, and it is suscepti- 
ble of a far higher polish. It. bears a strong red heat without 
entering into fusion, and may be welded with iron. When 
combined with an additional quantity of carbon, it forms cast 
steel. In this state itis harder and more elastic, has.a closer 
texture, and receives a higher polish than common steel... It 
is so fusible, however, that it cannot be welded. 

Steel differs chemically from cast iron in being composed of 
purer iron, and in containing a smaller proportion of carbon. 
It is readily distinguished from malleable iron by the action 
of an acid, When a drop of dilute muriatic. acid is placed 
on steel, a black spot appears, in consequence of a portion of 
iron being dissolved, while the charcoal 1s left. 

Graphite, more commonly known under the name of plum- 
bago or black lead, is a native carburet of iron, which con- 
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tains 95 per cent. of carbon. It is unchangeable in the air, 
and like pure charcoal is attacked with difficulty by chemical 
substances. It has an iron-gray colour, metallic lustre, and 
granular texture. Its chief use is in making pencils and cru- 
cibles, and in burnishing iron to protect it from rust. 
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ZINC.—CADMIUM. 


ZINC. 


Tue zinc of commerce, sometimes called speléer, is ob- 
tained either from calamine the native carbonate of zinc, or 
from the native sulphuret, the zinc blende of mineralogists. 
It is procured from the former by heat and carbonaceous 
matters ; and from the latter by a similar process-after the 
ore has been previously oxidized by roasting, that is, by 
exposure to the air at a low red heat. When first extracted 
from its ores it is never quite pure; but contains charcoal, 
sulphur, and several metals in small quantity. It may be 
‘freed from these impurities by distillation,—by exposing it 
to a white heat in an earthen retort, to which a receiver full 
of water is adapted. 7 

Zinc has a strong metallic lustre; and a bluish-white co- 
Jour. Its texture is lamellated, and its density about 7. It 
is a hard metal, being acted on by the file with difficulty. 
At low or high degrees of heat it is brittle; but at tempera- 
tures between 210° and 300° F., it is both malleable and duc- 
tile. It fuses at 680° F., and when slowly cooled assumes 
recular forms. Exposed in close vessels to a white heat, it 
sublimes unchanged. 

Zinc undergoes little change by the action of air and mois- 
ture. When fused in open vessels it absorbs oxygen, and 
forms the white oxide, called flowers of zinc. Heated to full 
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redness in a covered crucible, it bursts into flame as soon as 
the cover is removed, and burns with a brilliant white light. 
The combustion ensues with such violence, that. the fala as 
it is formed is mechanically carried up into the air. Zinc 1s rea- 
dily oxidized by dilute sulphuric or muriatic acid, and the 
hydrogen which is evolved contains a small quantity of me- 
tallic zinc in combination. 

Oxide of xinc.—Chemists are acquainted with oné com- 
pound only of zinc and oxygen, and this oxide is formed un- 
der all the circumstances just mentioned. At common tem- 
peratures it is white; but when heated to low redness, it-as- 
sumes a yellow colour, which gradually disappears on: cool- 
ing. It is quite fixed in the fire. It is insoluble in water, 
and therefore does not affect the, blue colour of plants; but 
it is a strong salifiable base, forming regular salts with acids, 
most of which are colourless.’ It combines also with some of 
the alkalies. According to the analysis of Dr. Thomson it 
is composed of 


Zine » 84 ‘ ‘ one atom. 
Oxygen . 8 ‘ ‘ one atom. 
And hence 42 is its sephining proportion. 


The presence of zinc is sale recognised by the following 
characters. The oxide is precipitated from its solutions as a 
white hydrate by pure potassa or ammonia, and as carbonate 
by carbonate of ammonia, but is completely redissolved by an 
excess of the precipitant. The fixed alkaline carbonates pre- 
cipitate it permanently as the carbonate of zinc. Hydrosul- 
phuret of ammonia causes a white precipitate, which is either a 
hydrosulphuret of the oxide of zinc, or a hydrated sulphuret 
of the metal. Sulphuretted. hydrogen acts in a similar man- 
ner, if the solution is quite neutral; but it has no effect if 
an excess of any strong acid is present. 

The Chloride or butter of Zinc was made by Dr. J. Davy 
by evaporating the muriate to dryness and then heating it to 
redness in a glass tube. It deliquesces on exposure to the 
air, being reconverted into a muriate., It is composed of one 


atom of chlorine and one atom of zinc. 
2C 


888 CADMIUM. 


The native sulphuret of zine, or zine blende, “is frequent. 
ly found in dodecahedral crystals, or in forms allied to the 
dodecahedron. Its structure is lamellated, its lustre ada- 
mantine, and its colour variable, being sometimes yellow, red, 
brown, or black. It may be made artificially by heating to 
redness a mixture of Oxide of zine and sulphur, by decom- 
posing the sulphate of zinc by chareoal, or by drying the 
“white precipitate obtained on adding the yee one Petre of 
ammonia to a salt of zinc. 

The sulphuret of zinc is composed of Giie atom of each 
of its constituents, and is dissolved with disengagement of 
sulphuretted hydrogen by dilute muriatic or sulphuric acid. 


CADMIUM. 


Cadmium was discovered in 1817 by Stromeyer in an 
oxide of zinc which had been prepared for medical purposes ;* 
and he has since found it in several of the ores of that metal, 
especially in a radiated blende from Bohemia which contains 
about five per cent. of cadmium. 'The late Dr. Clarke de- 
tected its existence in some of the zinc ores of Derbyshire, 
and in the common zine of commerce. Mr. Herapath has 
found it in considerable quantity in the zine works near 
Bristol. + During the reduction of calamine by coal, the 
cadmium, which is very volatile, flies off in vapour mixed 
with godt and some oxide of zinc, and collects in the roof of 
the vault, just above the tube leading from the crucible. ; Some 
, portions of this substancé yielded from twelve to twenty yr 
cent. of cadmium. 

The process by which Stromeyer depapiaes cadinium from 
zine or other metals is the following. . The ore of cadmium 
is dissolved in dilute sulphuric or muriatic acid, and, after 
adding a portion of free acid, a current of sulphuretted » hy- 
drogen gas is transmitted through the liquid, by means,of 
which the cadmium 1s preciphaced as ‘sulphuret,) while the 
zine continues in solution, The sulphuret of cadmium is, then 
decomposed by nitric acid, and the solution evaporated to 
dryness. The dry nitrate of cadmium is dissolved in water, 


* Annals of Philosophy, vol. xiv + Ibid, N.S. vol. iii. 


CADMIUM, 389 


and an excess of carbonate of ammonia is added. The white 
carbonate of cadmium subsides, which, when heated to red- 
ness, yields a pure oxide. By mixing this oxide with charcoal, 
and exposing the mixture to a red heat, metallic cadmium 
sublimes. 

A very elegant process for separating zinc ps: cadmium 
was proposed by Dr. Wollaston. ‘The solution of the mixed 
metals is put intoa platinum capsule, and a, piece of metallic 
zinc is placed in it. If cadmium is present, it is reduced, 
and adheres so tenaciously to the capsule, that it may be 
washed with water without danger of being lost. It may then 
be dissolved either by nitric or dilute muriatic acid. 

Cadmium, in colour and lustre, has a strong resemblance 
to tin, but is somewhat harder and more tenacious. It is 
very ductile and malleable. Its specific gravity is 8.604 be- 
fore being hammered, and 8.694 afterwards. It melts at 
about the same temperature as tin, and is nearly as volatile 
as mercury, condensing like it into globules which have a 
metallic lustre. Its vapour has no odour, 

When heated in the open air, it absorbs. oxygen, file 1s 
converted into an oxide. Cadmium is readily oxidized and 
dissolved by nitric acid, which is its proper solvent. Sul- 
phuric and muriatic acids act upon it less eaeuy> and the oxy- 
gen is then derived from water. 

Cadmium combines with oxygen, so far as is yet known, 
in one proportion only; and this oxide is conveniently procur- 
ed in a separate state by igniting the carbonate. It has an 
orange colour, and is fixed in the fire. It is insoluble in wa- 
ter, and does not change the colour of violets ; but itis a pow- 
erful salifiable base, forming neutral salts with acids. This 
oxide, according to the analysis of Stromeyer, is composed of 
56 parts of cadmium and § parts of oxygen. It is of course 
regarded as a compound of one atom of each element, and 
consequently 56 is the atomic weight of cadmium. 

The oxide of cadmium is precipitated as a white hydrate 
by pure ammonia, but is redissolved by excess of the alkali. 
It is precipitated permanently by pure potassa as a hydrate, 
and by all the alkaline carbonates as carbonate of cadmium. 

‘The sulphuret of cadmium, which occurs native in some 
kinds of zinc blende, is easily procured by the action of sul- 
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phuretted hydrogen on a salt of cadmium. It has a yellow-_ 
ish orange colour, and is distinguished from the sulphuret of 
arsenic by being insoluble in pure potassa, and by sustaining 
a white-heat without subliming. It is composed of 56 parts 
or one atom of cadmium and 16 parts or one atom of sulphur. 
(Stromeyer.) 

The chloride of cadmium may be prepared by decompos- 
ing the muriate by heat. 


SECTION XIV. 
TIN. 


Tue tin of commerce, known by the names of block and 
grain tin, is procured from the native oxide by means of heat 
and charcoal. The best grain tin is almost chemically pure, 
containing, according to Dr. Thomson, very minute quanti- 
ties of copper and iron, and occasionally of arsenic. 

Tin has a white colour, and a lustre resembling that of sil- 
ver. The brilliancy of its surface is soon impaired by expo- 
sure to the atmosphere, though it is not oxidized even by the 
combined agency of air and moisture. Its malleability is very 
considerable ; for the thickness of common tin-foil does not 
exceed 1-1000th of an inch. In ductility and tenacity it is 
inferior to several metals. It is soft and inelastic, and when 
_bent backwards and forwards, emits a peculiar crackling noise. 
Its specific gravity is about 7.9. At 442° F, it fuses, and if 
exposed at the same time to the air, its surface tarnishes, and 
a gray powder is formed. When heated to whiteness, it takes 
fire and burns with a white flame, being converted into the 
peroxide of tin. s 

Oxides of Tin.—Tin is susceptible of two degrees of oxida- 
tion. Both the oxides of. tin form salts by uniting with 
acids ; but they are likewise capable of combining with alka- 
lies. From data furnished by the experiments of Berzelius, 
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Gay-Lussac, and Thomson, these oxides are inferred to be 
thus constituted :— 


Tin. Oxygen. 
Protoxide 58 or one atom. 8 or one atom. 
Peroxide 58 d ; 16 or two atoms. 


The protoxide is of a gray colour, and is formed -when tin 
is kept for some time in a state of fusion in an open vessel. 
It may also be procured by precipitation from the protomu- 
riate of tin. This salt is made by boiling tin in strong mu- 
riatic acid, when the metal is oxidized by the decomposition 
of water ; and ~if atmospheric air be carefully excluded, a 
pure protomuriate results. From this solution the hydrate 
of the protoxide may be precipitated either by pure potassa 
or the carbonaté of: that alkali;, but an excess of the former 
must be carefully avoided, as otherwise the precipitate would 
be redissolved. It is essential likewise to the success of the 
process that the protoxide should be both washed and dried 
without being exposed to the air. 

‘The protoxide of tin is remarkable for its powerful affinity 

for oxygen. When heated in open vessels, it is converted 
into the peroxide with evolution of heat and light. Its salts 
not only attract oxygen from the air, but act as powerful de- 
oxidizing agents. ‘Thus the protomuriate of tin converts the 
peroxide of copper or iron into protoxides, and it precipitates 
silver, mercury, and platinum from their solutions in the me- 
tallic state, Added to a solution of gold, it occasions a pur- 
ple-coloured precipitate, the purple of Cassius, which is a 
_ compound of the peroxide of tin and the protoxide of gold. 
By this character the protoxide of tin is recognised with cer- 
tainty. It is thrown down by sulphuretted hydrogen as the 
black protosulphuret of tin, 

The peroxide of tin is most conveniently prepared by the 
action of nitrie acid on metallic tin, Nitric acid, in its most 
concentrated state, does not act easily upon tin; but when a 
small quantity of water is added, violent effervescence takes 
place owing to the evolution of nitrous acid and the deutoxide of 
nitrogen, and a white powder, the hydrated peroxide, is pro- 
duced. On edulcorating this substance, and heating it to red- 
ness, watery vapour is expelled, and the pure peroxide, of a 
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straw yellow colour, remains. In this process ammonia is ge- 
nerated, a circumstance which proves water as well as nitric 
acid to have beén decomposed. 

The peroxide of tin has a very feeble affinity for acids. 
With nitric acid it does not unite at all; and as prepared by 
the preceding method, it is dissolved by muriatic acid, even 
before being ignited, with great difficulty. The permuriate 
of tin may however be formed by the action of nitro-muriatic 
acid on metallic tin, aided by" a gentle heat. In this manner 
is obtained the PONG of tin employed as a mordaunt in 
d lyeing. 

The davexidl of tin is separated from its solution in muri- 
atic acid as a bulky hydrate by potassa, ammonia, or the al- 
Kaline carbonates, and the precipitate is easily and complete- 
ly redissolved by the pure fixed alkali in excess. Sulphu- 
retted hydrogen occasions a yellow precipitate, which is either 
the hydrosulphuret of the peroxide of tin, or the bisulphuret 
of the metal. , 

The peroxide of tin, when melted with glass, formas white 
enamel. 

Chlorides of Tin.—Tin unites in two proportions with 
chlorine, and the researches of Dr. Davy leave no doubt of 
these compounds being analogous in composition to the ox- 
ides of tin. 

The protochloride, which consists of one atom of tin and 
one atom of chlorine, may be made either by evaporating the 
muriate of the protoxide to dryness and fusing the residue 
in a close vessel, or by heating an amalgam of tin with calo- 
mel. (Dr. Davy.) It is a gray solid substance, of a resin- 
ous lustre, which fuses at a heat below redness, and ‘when 
heated in chlorine gas is converted into the bichloride. . 

The bichloride, composed of one atom of tin and two atoms 
of chlorine, may be prepared either by heating metallic tin 
or the protochloride in an atmosphere of chlorine, or by dis- 
tilling a mixture of eight parts of tin in powder with twenty- 

_ four of corrosive sublimate. It is a colourless volatile liquid, 
which emits copious white fumes when exposed to the atmos- 
phere. -It has very strong attraction for water, and is con- 
verted by that fluid into the permuriate. Tt was formerly 
called the Sfuming liquor of Libavius. | 

Sulphurets of Tin.—The protosulphuret is best formed 
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bysheating sulphur with metallic tin.. A brittle compound of 
a bluish. gray colour. and metallic lustre. results, which is fu- 
sible ata. red jheat, and assumes_a_lamellated structure in 
cooling... It is.dissolved by muriatic acid, with disengagement 
of sulphuretted hydrogen. According to the analysis of Dr, 
Davy and Berzelius, it.is composed of one atom of tin and 
one atom. of sulphur. | 

The bisulphuret, formerly called aurum musivum, has a 
golden yellow. colour, and is made by heating a mixture. of 
sulphur.and the.oxide of tin in close vessels., .The elements 
of the latter unite with separate portions of sulphur, forming 
sulphurous,acid and .bisulphuret of tin. _'This compound was 
supposed by Proust to, be the. hydrosulphuret of the ig Ati 


(Philos. Trans. for 1812, page 198.) It consists ri? one atom 
of tin and two atoms of sulphur, 

By exposing a mixture of sulphur and the protosulphuret 
of tin to a low. red heat, Berzelius obtained a compound con- 
sisting of 58 parts or .one atom of tin, and 24 parts or, one 
atom and ahalf of sulphur. If it is really a definite com. 
pane it should be termed.a i lal 


SECTION XV. 
: ARSENE. 


METALLIC arsenic. sometinaes occurs native, but more, fre. 
quently it is found in combination with other metals, and es- 
pecially with cobalt and iron. On roasting these arsenical 
ores ina reverberating furnace, the arsenic, from its volatility, 
is expelled, combines it oxygen as it rises, and condenses. 
into thick cakes on the roof of the chimney. The sublimed 
mass, after being purified by a second sublimation, i is the vi- 
rulent poison. known by the name of arsenic or white omide of 
arsenic. From this substance the metal itself'is procured by.’ 
heating it with charcoal. 

Arsenic is an exceedingly brittle metal, of a strong metal- 
lic lustre, and white colour, running into steel gray. ‘Its 
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structure is crystalline, and its density 8.3. When heated to 
356° F. it sublimes without previously liquefying; for its 
point of fusion is far above that of its sublimation, and has 
not hitherto been determined. Its vapour has a strong odour 
of garlic, a property which is possessed by no other metal, 
and therefore forms a distinguishing character for metallic 
arsenic.” In close vessels it may be sublimed without change, 
but if atmospheric air be admitted, it is rapidly converted 
into the white oxide. It soon tarnishes by exposure to the 
atmosphere at common temperatures, acquiring a dark film 
upon its surface. This crust, which is exceedingly superfi- 
cial, was supposed by Berzelius to be a distinct oxide; but 
it is more generally regarded as a mixture of white oxide and 
metallic arsenic, 


COMPOUNDS OF ARSENIC AND OXYGEN, 


Chemists are acquainted with two compounds of arsenic 
and oxygen, and as they both possess the properties of an 
acid, the terms arsenious and arsenic acid have been proper- 
ly applied to them. Considerable difference of opinion exists 
as to their composition, Berzelius maintains that the oxygen 
of the former is to that of the latter as 3 to 5, while Dr. 
Thomson contends that the ratio is as 2 to 3. To decide the 
question between these eminent analysts, an appeal to direct 
experiment by other chemists is necessary. According to Dr. 
Thomson, whose data are more generally adopted in this 
country than those of Berzelius, 38 is the atomic weight of 
arsenic, and its two acids are thus constituted :- ms 


Arsenic. | Oxygen. . 
Arsenious acid . 88orone atom. . 16 or two atoms, 
Arsenic acid . 88oroneatom. . 24 or three atoms. 


Arsenious acid.—This compound, frequently called white 
oxide of arsenic, is always generated when arsenic is heated 
in open vessels, and may be prepared by digesting the metal 
in dilute nitric acid. At 380° it is volatilized, yielding va- 


b Zinc. is said to emit a simaulay odour when thrown in powder « on burning 
charcoal, 
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pours which do not possess the odour of garlic, and which 
condense unchanged on cold surfaces. If the sublimation is 
conducted slowly, the vapour is deposited in the form of dis- 
tinct octahedral crystals of an adamantine lustre and perfect- 
ly transparent. If the arsenious acid is suddenly heated be- 
yond its subliming point, it fuses into a transparent brittle 
glass, which gradually becomes opaque by keeping, ‘The spe- 
cific gravity of this glass is about 3.7, 

Arsenious acid has an acrid taste, followed by an im- 
pression of sweetness. (Davy.) It reddens vegetable blue 
colours feebly, an effect which is best shown by placing the 
acid in powder on moistened litmus paper. It combines 
with salifiable bases, forming salts which are termed arsenites, 

According to the experiments of Klaproth and Bucholz, 
1000 parts of boiling water dissolve 7'7.'75 of arsenious acid ; 
and the solution, after having cooled to 60° F., contains only 
30 parts. ‘The same quantity of water at 60° F., when mix- 
ed with the acid in powder, dissolves only two parts aud a half. 

The tests which are commonly recommended for detecting 
the presence of arsenious acid are four in number; namely, 
lime water, the ammoniacal nitrate of silver, the ammoniacal 
sulphate of copper, and sulphuretted hydrogen. | 

1. When lime water is added in excess to a solution of ar- 
senious acid, a white precipitate subsides, which is the arse- 
nite of lime. On drying this salt, mixing it with powdered 
charcoal or black flux, and heating the mixture contained in 
a glass tube to redness by means of a spirit-lamp, the arsenic 
is reduced, sublimes, and condenses in a cool part of the 
tube. The process of reduction is absolutely necessary, since 
several other acids as well as the arsenious, such as the car- 
bonic, phosphoric, oxalic, and tartaric acids, yield white pre- 
cipitates with lime water. The arsenite of lime is soluble in 
all acids which are capable of dissolving lime itself. Indeed 
all the arsenites are dissolved by those acids with which their 
bases do not form insoluble compounds. 

Lime water isof little service for discovering arsenious acid 
in mixed fluids. For the arsenite of lime is so light a pow- 
der, that when formed in gelatinous or oleaginous solutions, 
such as in broth or tea made with milk, it remains suspend- 
ed in the liquid, and.cannot be separated from it. 

6 
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2. Arsenious acid is not precipitated by nitrate of silver 
unless an alkali be present, which may unite with the nitric 
acid. Ammonia is commonly employed for the purpose ; 
but as the arsenite of silver is very soluble in ammonia, an 
excess of the alkali might retain the arsenite of silver in solu- 
tion. ‘To remedy this inconvenience, Mr. Hume proposes to 
employ the ammoniacal nitrate of silver, which is made by 
dropping ammonia into a solution of lunar caustic till the 
oxide of silver at first thrown down is nearly all dissolyed. 
The liquid thus prepared contains the precise quantity of 
ammonia which is required; and when mixed with arsenious 
acid, two neutral salts result, the soluble nitrate of ammonia, 
and the insoluble yellow arsenite of silver. The ammoniacal 
nitrate of silver likewise diminishes the risk of fallacy that 
might arise from the presence of phosphoric acid, ‘The 
phosphate of silver is so very soluble in, ammonia,. that when 
a neutral phosphate is mixed .with the ammoniacal nitrate of 
silver, the resulting phosphate of silver is paid. almost entire- 
ly in solution by the free ammonia, 

‘The test of nitrate of silver, however, even in its improved 
state, is still liable to objection, For when arsenious acid 
in small proportion is mixed with salts of muriatic acid, or 
animal and vegetable infusions, the arsenite of silver either 
does not subside.at all, or is precipitated in so impure.a state 
that its characteristic colour cannot be distinguished. Se- 
veral methods have been proposed for .obviating this,source 
of fallacy ; but Dr. Christison has shown, as I conceive quite 
satisfactorily, that this test cannot be relied.on in practice. 

$8. The ammoniacal sulphate of copper, , which is made. by 
adding sulphate-of copper to ammonia-fill it ceases ito be dis- 
solved, occasions with arsenious acid .a, green’ precipitate, 
_which has been long used. as.a pigment under the name of 
Scheele’s green. 'This test, though .well.adapted for detect- 
ing arsenious acid dissolved in pure water, is very, fallacious 
when applied to mixed fluids. ,Dr. Christison has proved 
that the ammoniacal sulphate of copper produces in some ani- 
mal and vegetable infusions, containing no arsenic, a greenish 
precipitate, which may be mistaken for Scheele’s green ; 
whereas in other mixed: fluids, such’as tea and porter, to 
which arsenic has been previously added, it occasions none 
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at all, if the arsenious acid is in small quantity. In some of 
these liquids, a free vegetable acid ‘is doubtless :the solvent; 
but the arsenite of copper is ‘also dissolved ‘by tannin and 
perhaps by other vegetable as well:as some animal principles. 
~ 4. When a current of sulphuretted hydrogen gas is conduct- 
ed through a solution of arsenious acid, the fluid immediate. 
ly acquires a yellow colour, and im‘a short time becomes tur. — 
bid, owing to the formation of orpiment, ‘or the yellow sulphu- 
rét of arsenic. The precipitate ts at first partially suspended 
in the liquid; but as soon as'the free sulphuretted hydrogen ‘is 
expelled by boiling, it subsides perfectly, and may-easily be 
collected: on a filter. One condition, however, must be ob» 
served in order to insure success, namely, that the liquid:does 
not contain a free alkali; for the sulphuret of arsenic is dis- 
solved with remarkable facility by pure potassa or ammonia. 
To avoid this source of fallacy, it 1s necessary to acidulate the 
solution with a little acetic or muriatic acid. \Sulphuretted 
hydrogen likewise acts on arsenic in all vegetable endl enitinal 
fluids if previously boiled, filtered, and acidulated. 
* But it does not-necesarily follow, ‘because cil esti Hip 
drogen causes a -yellow ‘precipitate, that arsenic’ is present 5 
for there are no less than four other ‘substances, namely, ‘se-. 
lenium, cadmium, tin, and antimony, the sulphurets of which, 
judging from their colour’alone, might’ be mistaken for orp 
ment. From these and all other substances whatever, the 
sulphuret of arsenic may be thus distinguished.— When heat- 
ed with black flux in the manner described for reducing the 
‘arsenite of lime, ‘a metallic:crust of an iron-gray colour exter- 
nally, and crystalline on its imner-surface, is deposited on the 
cool part of the tube; and by converting a: portion of this 
crust into vapour, its alliaceous odour will-instantly be per- 
ceived. Besides these circumstances, which alone:are quite 
satisfactory, it is easy to’procure additional evidence’ by re- 
converting the metal into arsenious-acid, so as to obtain it in 
the form of resplendent octahedral crystals.. ‘Thisis:doneby 
holding that ‘part of the tube to which the arsenic adheres 
about three-fourths‘of an inch above:a ‘very small :spirit-lamp 
“flame, ‘so ‘thatthe metal may be’slowly sublimed. Ais vit 
rises in vapour it combines with oxygen, and is deposited in 
“erystals within ‘the tube. ‘The character of these erystals 
with ‘respect to ‘volatility, lustre, “transparency,-and form, is 
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so exceedingly well marked, that a practised eye may safely 
identify them, though: their weight should not exceed the 
100th part of a grain. This experiment does not succeed un- 
less the tube be quite clean and dry. 

It hence appears, that of the various tests for arsenic, the 
only one which gives uniform results, and is applicable to every 
case, is sulphuretted hydrogen :—all the rest may be dispens- 
ed with. For this great improvement in the mode of testing 
for arsenious acid, we are indebted to Dr. Christison. By this 
process he discovered the presence of arsenious acid when mix- 
ed with complex fluids, such as tea, porter, and the like, in 
the proportion of one-fourth of a grain to an ounce ; and more 
recently he has twice obtained so small quantity as the 20th 
of a grain from the stomachs of people who had been poisoned 
with arsenic. (Edinburgh Medical and Surgical Journal for 
October 1824; and second volume of the Transactions of 
the Medico-Chirurgical Society of Edinburgh.) 

The black flux employed in the processes for reducing -ar- 
senic, is prepared by deflagrating a mixture of the bitartrate 
of potassa with half its weight of nitre, The nitric and.tar- 
taric acids undergo decomposition, and the solid product is 
pure carbonate of potassa and charcoal. When this substance 
is employed in the reduction of arsenious acid or its salts, the 
charcoal] is of course the chief ingredient ; but the alkali is of 
use in retaining the arsenious acid until the temperature is 
sufficiently high for its decomposition. With sulphuret of 
arsenic, on the contrary, the alkali is the active agent, the po- 
tassium of which unites with sulphur and. liberates the arse- 
nic; but the charcoal operates usefully by facilitating the 
decomposition of the alkaline carbonate. 

Arsenic acid:—This compound is made by dissolving. the 
arsenious acid in concentrated nitric, mixed with a little mu- 
riatic acid, and distilling the solution to perfect dryness. The 
acid, thus prepared, has a sour metallic taste, reddens vegeta- 
ble blue colours, and with alkalies forms neutral salts, which 
are termed arseniates. It ismuch more soluble in water than 
arsenious acid, dissolving in five or six times its weight of 
cold, and in a still smaller quantity of hot water. It forms 
irregular grains when its solution is evaporated, but does not 
crystallize. If strongly heated it fuses into a glass which is 
deliquescent. When urged by a very strong red heat it 1s 
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converted into oxygen and arsenious acid. It is an active 
poison. 

Arsenic acid is slowly ‘Pebbavietla by sulphuretted hydro. 
gen gas into arsenious acid, and is then precipitated as orpi- 
ment. The soluble arseniates, when mixed with the nitrates 
of lead or silver, form insoluble arseniates, the former of 
which has a white, and the latter a brick-red colour. ‘They 
dissolve readily in dilute nitric acid, and when heated with 
charcoal yield metallic arsenic. 

Chloride of Arsenic.—When arsenic in powder is thrown 
into a jar full of dry chlorine gas, it takes fire, and a chloride 
of arsenic is generated; and the same compound may be 
formed by distilling a mixture of'six parts of corrosive subli- 
mate with one of arsenic. It is a colourless volatile liquid, 
which fumes strongly on exposure to the air, hence called 

SJuming liquor of arsenic, and is resolved by water into: mu- 
riatic and arsenious acids. According to Dr. J. Davy it is 
composed of 60.48 parts of chlorine and 39.52 of arsenic, a 
proportion which does not correspond with the laws of com- 
bination, and therefore is doubtless inexact. 
— Arseniuretted hydrogen.—This gas, which was discovered 
by Scheele, is most conveniently prepared by digésting an 
alloy of tin and arsenic in muriatic acid. It is a colourless 
elastic fluid, of a fetid odour, resembling that of garlic. Its 
specific gravity is about 0.5. It extinguishes bodies in com- 
bustion, but is itself kindled by them, and burns with a blue 
flame. It instantly destroys small animals that are immersed 
in it, and is poisonous in a high degree, having proved fatal 
to a German philosopher, the late M. Gehlen. With oxy- 
gen gas it forms an explosive mixture, and is decomposed by 
chlorine with deposition of ‘arsenic. It is not absorbed by 
water, nor does it possess acid properties. It has not hither- 
to been obtained in a pure state, being always mixed with 
hydrogen, and consequently its composition has not been ex- 
actly determined. 

A solid compound of arsenic and hydrogen of a bindvitteh 
colour was discovered by Sir H. Davy, and Gay- Lussac and 

_Thenard. It is formed by the action of water on an alloy of 
potassium and arsenic; and it is also generated by attaching 
a piece of arsenic to the negative wire during the decompositions 
of water by a galvanic battery. Its composition is unknown. 
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Sulphurets of Arsenic.—Sulphur unites with arsenic in two 
proportions, forming compounds which are known by the 
names of realgar and orpiment. 'They both occur native, 
and may be made artificially by heating mixtures of arseni- 
ous acid and sulphur, the nature of the product depending on 
the quantity of sulphur employed. ‘They are both fusible by 
heat, and may be sublimed in close vessels without change. 
Realgar, which is the protosulphuret, is of a red colour, apd 
is composed of 38 parts or one atom of metallic arsenic, and 
16 or one atom of sulphur. Orpiment has a rich yellow 
colour, and consists of $8 parts or one atom of arsenic, and 
24. parts or an atom and a half of sulphur, It is therefore a 
sesquisulphuret of arsenic. Berzelius has proved that the 
precipitate formed by the action of sulphuretted hydrogen on 
a solution of arsenious acid, is constituted in a similar man- 
ner... 

Orpiment is employed as a pigment, nd is the Bases 
principle of the paint called King’s yellow. M. Brakonnet 
has proposed it likewise for dyeing silk, woollen or cotton 
stuffs of a yellow colour. For this purpose the cloth is soak- 
ed in a solution of orpiment in ammonia, and then suspended 
in a warm apartment. The alkali evaporates, and leaves the 
orpiment permanently attached to the fibres of the cloth. (An. 
de Ch. et de Ph. vol. xii.) 

The experiments of Orfila have proved that the sulphu- 
rets of arsenic are poisonous, though in a much less degree 
than arsenious acid. The precipitated splphuret is more in- 
jurious than native orpiment. 


SECTION XVI. 
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CHROMIUM. 

Curomium* was discovered in 1797 by Vauquelin,t in a 
beautiful red mineral, the native chromate of lead. It has 
* From Xgaya colour, indicative of its remarkable tendency to form co- 


loured compounds. 
+ Annales de Chimie, vol. xxy. and lxx. 


CHROMIUM. 401 


since been detected in the mineral called chromate of iron, «a 
compound of the oxides of chromium and iron, which occurs 
abundantly i in several parts of the continent, in Amenity and 
at Unst in Shetland. (Hibbert.) | 

Chromium, which has hitherto been procured in very small 
quantity; owing to its powerful attraction for oxygen, may be’ 
obtained by exposing the oxide of chromium mixed with char- 
coal to the most intense heat of a smith’s forge. It is a brit- 
tle metal, of a greyish white colour, and did infusible. - Its 
‘specific gravity is 5.9. 

Chromium unites with oxygen in three proportions, ° al 
ing two oxides dnd:one acid, the constitution of which has not 
hitherto been determined by direct experiment. Dr. Thom- 
son has proved; however, that the equivalent of chromi¢ acid 
is 52, so that on the probable assumption of its being com- 
posed of one atom of chromium and three atoms of oxygen, 
28 must be the atomic weight of the metal. According to 
these data, thé composition of the oxides and acid of chromium 
may be thus stated. 


Chromium. Oxygen. 
Protoxide . 28 oroneatom . 8 oroneatom. 
Deutoxide . 28 .. ‘ . 16. . two atoms. 


‘Chromic acid 28. ; » 24 three atoms. 


. Protoaide.—This oxide is easily prepared by dissolving 
the chromate of potassa in. water, and mixing it with a solu- 
tion of the protonitrate of mercury, when an orange-coloured 
‘precipitate, the chromate of the protoxide of mercury, sub- 
sides. On heating this salt to redness in an earthen crucible, 
the mercury is dissipated in vapour, and the chromic acid is 
resolved into oxygen and the protoxide of chromium. 

The protoxide of chromium is of a green colour, exceeding- 
ly infusible, and suffers no change by heat. It is msoluble 
in water, and after being strongly heated, resists the action 
of the ‘most powerful acids. Deflagrated with nitre, it is 
oxidized to its maximum, and is thus reconverted into chro- 
mic acid. © Fused with borax or vitreous substances, it com- 
‘municates’to them a beautiful green colour, a property which 
affords an excellent test of its presence, and renders it exceed- 
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ingly useful in the arts. The emerald owes its colour to the 
presence of this oxide. 

The protoxide of chromium is a salifiable base, and its 
salts, which have a green colour, may be easily prepared in 
the following manner. To a boiling solution of the chromate 
of potassa in water, equal measures of strong muriatic acid 
and alcohol are added in successive small portions, until the 
-red tint of the chromic acid disappears entirely, and the li- 
quid acquires a pure green colour. On pouring an excess of 
pure ammonia into this solution, a pale green bulky precipi- 
tate is formed, which consists of one atom of the protoxide 
and‘ 26 atoms of water. (Thomson.) The hydrate is rea- 
dily dissolved by acids. 

Deutoxide.—The brown or deutoxide of chromium is form- 
‘ed by exposing the nitrate of the protoxide to a temperature 
precisely sufficient for decomposing the nitric acid. It has 
not hitherto been studied with care. 

Chromic acid.—This acid is prepared by digesting the 
chromate of baryta in a quantity of dilute sulphuric acid ex- 
actly sufficient for combining with the baryta. The sulphate 
of baryta subsides, and a solution of chromic acid is obtained. 

Chromic acid has a dark ruby-red colour, and forms irre- 
gular crystals when its solution is concentrated. It is very 
soluble in water, has a sour taste, and possesses all the pro- 
perties of an acid. It is converted into the green oxide, with 
evolution*of oxygen, by exposure to a strong heat. It yields 
a muriate of the protoxide when boiled with muriatic acid 
and alcohol, and the direct solar rays have a similar effect 
when muriatic acid is present. With sulphurous acid it forms 
a sulphate of the protoxide. yh vs 

Chromic acid is characterized by its colour, and by form- 
ing coloured salts with alkaline bases. _The most important 
of these salts is the chromate of lead, which is found native 
in small quantity, and is easily prepared by mixing the chro- 
mate of potassa with a soluble salt of lead. It is of a rich 
yellow colour, and is employed in the arts of painting and 
dyeing to great extent. 

Fluo-chromic acid gas.—When a mixture of fluor-spar and 
chromate of lead is distilled with fuming or even common 
sulphuric acid in a leaden retort, a red-coloured gas is disen- 
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gaged, which is composed of fluoric and chromic acids. This» 
gasacts rapidly upon glass, with deposition: of chromic acid » 
and formation of fluo-silicic acid gas. It is absorbed by wa- 
ter, and the solution is found to contain a mixture of fluoric 
and chromic acids. The watery. vapour of the atmosphere 
effects its decomposition, so that when mixed with air, red 
fumes appear, owing to the separation of minute crystals of 
chromic acid. This gas may be regarded as a compound of 
fluorine and chromium, a view which is rendered very plau- 
sible by the circumstance of its being decomposed so readily 
by. moisture. 

, Chlorochromic acid gas.-—This compound is formed by the 
action of fuming sulphuric acid on a mixture of chromate of 
lead and chloride of sodium. | It is a red-coloured gas which 
may be collected in glass vessels over mercury. It is decom- 
posed instantly by water, and yields a solution of muriatic 
and chromic acids. It may be regarded either as a compound 
of muriatic and chromic:acids, or of chlorine and chromium. 

These gases were discovered in the year 1825 by M. Un- 
verdorben. . (Edinburgh Journal of Science, No. vii.) 
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» When the native sulphuret of molybdenum, in fine powder, 

is digested in nitro-muriatic acid until the ore is completely 
decomposed, and the residue is briskly heated, in order to 
expel sulphuric acid, molybdic acid remains in the form of 
a white heavy powder. From this,acid metallic molybdenum 
may be obtained by exposing it with charcoal to the strongest 
heat of a smith’s forge; or by conducting over it a current 
of hydrogen gas while strongly heated in a tube of porcelain. 
(Berzelius.) 

Molybdenum is a brittle metal, very infusible, and of a 
white colour. It bas hitherto been procured in small quan- 
tities only, and its properties are known imperfectly. When 
heated in open vessels it absorbs oxygen, and is converted into 
molybdic acid ; and the same compound i is generated by the 
action of chlorine or nitro-muriatic acid. It has three de- 
grees of oxidation, forming two oxides and one acid. The 


molybdic acid, according to Bucholz, is composed of 48 parts 
2D 
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of molybdenum, and 24 parts of oxygen; and consequently,» 
on the supposition that this acid contains three atoms of oxy- 
gen, 48 is the atomic weight of the metal itself. 

Molybdic acid is a white powder, of specific gravity 3.4. 
It has a sharp metallic taste, reddens litmus paper, and forms 
salts with alkaline bases. It is very sparingly soluble in wa-> 
ter; but the molybdates of potassa, soda, and ammonia, dis- 
solve in that fluid, and the molybdic acid is precipitated from 
the solutions by any of the strong acids. 

Berzelius has lately described the two oxides of molybde- 
num. (Edinburgh Journal of Science, No. vu.) The prot- 
oxide is black, and consists of one atom of oxygen and one 
atom of molybdenum. The deutoxide is brown, and contains: 
twice as much oxygen as the protoxide. They both form salts 
with acids. _ Berzelius states that the blue molybdous acid of 
Bucho!lz, is a bimolybdate of the deutoxide of molybdenum. 

Berzelius has likewise succeeded in forming three chlorides 
of molybdenum, the composition of which is analogous to the 
compounds of this metal with oxygen. 

The native sulphuret of molybdenum, according to the ana- 
lysis of Bucholz, is composed of 48 parts or one atom of 
molybdenum, and 32 parts or two atoms of sulphur. Berze- 
lius has lately discovered another sulphuret, of a ruby-red co- 
lour, transparent, and crystallized. It is proportional to the 
molybdic acid ; that is, contains three atoms of sulphur to one 
atom of the metal. » 
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Tungsten may be procured in the metallic state by expos- 
ing tungstic acid, mixed with charcoal, to intense heat. It 
has a grayish white colour and considerable brilliancy. Its 
density is 17.4. It is one of the most infusible of the metals, 
and is nearly equal to steel in hardness. When heated in 
the open air, or digested in nitric acid, oxidation ensues, and 
it is converted into tungstic acid. 

Chemists are acquainted with two compounds of this metal 
and oxygen, namely, the dark-brown owide, and the yellow 
acid of tungsten ; and according to the analyses of Berzelius, 
(An. de Ch. et de Ph. vol. xvii.) the oxygen of the former is 
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to'that of the latter in the ratio of two to three. It is hence: 
inferred, that the real protoxide of ‘tungsten qs yet unkiiown, 
and that tungstic acid contains three atoms of oxygen to one 
atom of the metal. Now, Bucholz ascertained that’ this acid 
consists of 96 parts of tungsten and Q4 parts of oxyg ren, and 
consequéntly 96 is the atomic weight of” Sine tad and 120 
the equivalent of its acid. 

A convenient method of preparing tungstic acid is by di- 
gesting the native tungstate of lime, very finely levigated, in 
nitric acid ; by which means the nitrate of lime is formed, 

and the tungstic acid separated i in the form ofa yellow pow- 
der. viene digestion is required before all thé’ lime’ is re- 
moved ; but the process is facilitated by acting wpon the mi- 
neral alternately by nitric acid and ammonia. ‘The tungstic 
acid is dissolved readily by ‘that alkali, and may be obtained’ 
in a separate state by heating the tungstate of ammonia to 
redness. T'ungstic acid may ‘also be prepared by the action 
of muriatic nei on Wolfram, the native tungstate of 1 Iron and 
manganese. 

Tungstic acid is of a yellow sali: is insoluble in water, 
and ‘has ‘no effect on ‘litmus paper. ‘With alkaline bases it 
forms salts called tungstates, which are decomposed by the 
stronger acids. When strongly heated in open vessels it ac- 
quires a green colour, and becomes blue when exposed to the 
action of hydrogen gas at a temperature of 500° or 600° F.’ 
According to Berzelius, these changes of colour are not con- 
nected with any change of composition.’ ‘By hydrogen gas 
at'a red heat the tungstic acid is “converted into’ the dark 
brown oxide. ) nash healer sie 

‘The compounds of tungsten with the other’ simple: iin 
stances Possess little interest. dais osgnege-: 
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This metal was aiabsveKea in 1801 by Mr. Hatchett, whe 
detected it in a black mineral belonging to the British mu- 
seum, supposed to have come from Massachussets in North 
America, and, from this circumstance, applied to it the name 
of columbium. About two years afier, M. Ekeberg, a Swe- 
dish chemist, extracted the same substance from tantalite and 
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yttro-tantalite ; and, on the supposition of. its being different) 
from columbium, described it under the name. of tantalum, 
The identity of these metals, however, was established in 1809 
by Dr. Wollaston. _. 

Columbium exists in its ores as an acid, united ethan with 
the oxides of iron and manganese, as in tantalite, or with the 
earth yttria, as in the yttro-tantalite, This acid is obtained 
by fusing its ore with three or four. times its weight of car- 
bonate of potassa, when a soluble columbate of that alkali re- 
sults, from which columbic acid is precipitated as a white 
hydrate by acids, 

The hydrated columbic acid is. tasteless, and insoluble in 
water ; but when placed on moistened litmus paper, it com- 
municates a red tinge. It is dissolved by the sulphuric, mu- 
riatic, and some vegetable acids; but it does not diminish 
their acidity, or appear to form definite compounds with 
them. With alkalies it unites readily ; and though it does 
not neutralize their properties completely, crystallized salts 
may be obtained by evaporation. When the hydrated acid 
is heated to redness, water is expelled, and the anhydrous 
columbic acid remains. in this state it is attacked by al- 
kalies only. 

According to the analyses of Berzelius and Dr. Thomson, 
144 is the atomic weight of columbium, and columbic acid is 
composed of one atom of the metal and one atom of oxygen. 
_ When columbic acid is exposed to. the united agency of 
charcoal and intense heat, it is reduced to the metallic state, 
a process which was first successfully performed by Berzelius.. 
Columbium is a brittle metal, of an iron-gray colour, and 
metallic lustre. | It is not attacked by the nitric, muriatic, or 
nitro-muriatie acids; but is converted into the acid by being 
heated with potassa or nitre. The same product is formed 
when it is heated in open vessels. 

Columbium has hitherto been obtained in very minute 
quantity. 
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“=... SECTION XVI. 
ANTIMONY: 


ANTIMONY sometimes occurs native; but its only ore 
which is abundant, and from which the antimony of com- 
merce is derived, is the sulphuret. This sulphuret was long 
regarded as the metal itself, and was’ called antimony, or 
crude antimony; while the pure: metal was serena the regu- 
lus of antimony. 

Metallic antimony may eck obtained either: by heating the 
native sulphuret in a covered crucible with half its weight of 
iron filings, or by mixing» it with two-thirds ofits weight of 
cream of tartar and one-third of nitre, and throwing the mix+ 
ture, in‘smallsuccessive portions, into a red-hot crucible... By: 
the first process the sulphur unites with iron, and in the se- 
cond it is expelled in the form of sulphurous acid ; while ‘the 
fused) antimony, which in both cases collects at the bottom 
of the crucible, may be drawn off and received in moulds. 
The antimony, thus obtamed, is not absolutely pure; and 
therefore, for chemical purposes, should be procured by heat- 
ing the oxide with an equal weight of cream of tartar. | 

Antimony is a brittle metal, of a white colour running into. 
bluish-gray; and is possessed of considerable lustre. Its den- 
sity is about 6.7.. At 810° F. it fuses; and, when slowly 
cooled, sometimes: crystallizes in octahedral or dodecahedral 
crystals, Its structure is highly lamellated. It has the cha- 
racter of being a volatile metal; but Thenard found that it 
bears an intense white heat without subliming, provided’ at- 
mospheric air be perfectly excluded, and no. gaseous matters, 
such as carbonic acid or watery vapour, be disengaged dur- 
ing the process, Its surface tarnishes by etposure to the at- 
mosphere; and by the continued action of air and moisture, 
a dark matter is formed, which Berzelius regards as a definite 
compound, It'appears, however, to be. merely a mixture of 
the real protoxide and metallic antimony. Heated to white- 
ness in a covered crucible, and then suddenly exposed, to. the 
air, it inflames, and burns with a white light. 


408. ANTIMONY.’ 


The chemists who have paid most attention to the oxides 
of antimony are Thenard,* Proust,+ Berzelius,+ and Thom- 
son.§ The former maintained the existence of six, the se- 
cond of two, the third of four, and the last of three oxides of 
antimony. |The opinion of Dr. Thomson is now admitted by 
most chemists ; and there is reason to believe that the propor- 
tions which he has assigned to these oxides are very near the 
truth. . 


Antimony. Oxygen. 
Protoxide ©.» 44, or one atom, 8, = 52 
Deutoxide . 44, ‘ ‘ 12, = 56 
Peroxide: 4A, : d 16, = 60 


Protoxide-—When the muriate of the protoxide of anti- 
mony, made by boiling the sulphuret in muriatic acid, (page 
293,) is poured into water, a white curdy precipitate, for- 
merly called powder of Algaroth, subsides, which is a submu- 
riate of the protoxide. On digesting this salt in a dilute )so- 
lution of potassa, and then edulcorating it with water, the 
protoxide is obtained inva state of purity. It may also be 
procured directly, by adding the carbonate of potassa or soda 
to a solution of tartar emetic. | 

The protoxide of antimony is of a dirty white colour. 
Heated to dull redness in close vessels it fuses without under- 
going any other change, and forms an opaque crystalline mass 
on cooling; but in a strong heat it sublimes. . At a red heat 
in open vessels it absorbs oxygen, and. is converted into the 
deutoxide. It is the only oxide of antimony which forms re- 
gular salts with acids, and is the base of the medicinal pre- 
paration tartar emetic, the tartrate of antimony, and potassa. 
Most of its salts, however, are either insoluble in water, or, 
like the muriate of antimony, are decomposed by it, owing to 
the affinity of that. fluid. for the acid being greater than that 
of the acid for the oxide of antimony. This oxide is there- 
fore a feeble. base ;, and, indeed, possesses the property of 
uniting with alkalies. To the foregoing remark, however, 


* An. de Chimie, vol. xxxii. + Journal de Physique, vol. ly. 
t+ An. de Chimie, vol. lxxxiii; and An. de Ch. et de Ph. vol. xvii. 
§ First Principles, vol. ii. 
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the tartrate of antimony and potassa is an exception ; for it 
dissolves readily in water without change. By excess of tar- 
taric or muriatic acid, the insoluble salts of aintinising ing be 
rendered soluble in water. , 

- The presence of antimony in solution is easily detected by 
sulphuretted hydrogen. - This gas occasions an orange-colour- 
ed precipitate, the hydrated protosulphuret of antimony, which 
is soluble in pure potassa, and is dissolved with disengage- 
ment of sulphuretted hydrogen by hot muriatic acid, forming 
a solution frora which the white submuriate is precipitated by 
water, 

Deutoxide. When antimony, burns, or is strongly heated in 
open vessels, the deutoxide is generated, sublimes, and con- 
denses on cold surfaces in the form of acicular crystals of sil- 
very whiteness, formerly called argentine flowers of anti- 
mony. ‘This oxide does not fuse readily, but is more volatile 
than the protoxide.. It is quite insoluble in water, and in the 
anhydrous state is attacked with great difficulty by acids, It 
combines with alkalies, and for this reason it has been called 
antimonious acid, and its salts antimonites, by Berzelius. The 
antimonious acid is precipitated from these salts by acids as 
a hydrate, which reddens litmus paper, and is dissolved by 
muriatic acid, though without appearing to form with it a de- 
finite compound. 

The perowide of antimony, or antimonic acid, is obtained 
as a white hydrate, either by digesting the metal in strong 
nitric acid, or by dissolving it in nitro-muriatic acid and throw- 
ing the solution into water. When recently precipitated it 
reddens litmus paper, and may be dissolved in water, by 
means of muriatic or tartaric acids. It does not enter into 
definite combination with acids, but with alkalies forms salts, 
which are called antimoniates.. : When the hydrated peroxide 
is exposed to a temperature of 500° or 600° I’. the water is 
evolved, and the pure peroxide of a yellow colour remains. 
In this state it resists the action of muriatic acid. When ex- 
posed to a red heat, it parts with oxygen, and is converted into 
the deutoxide. 

Chiorides of antimony. When antimony in powder is thre own 
into a jar of chlorine gas, combustion ensues, and the proto- 
_chloride of antimony is generated. The same compound may 
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be formed by distilling a mixture of antimony with about’ 
twice and half its weight of corrosive sublimate, when the vo- 
latile chloride of antimony passes over into the recipient, 
and metallic mercury remains in the retort. At common 
temperatures it is a soft solid, thence called butter of antimony, 
which is liquefied by gentle heat, and crystallizes on cooling. 

It deliquesces on exposure to the air; and when mixed with 
water, is converted into muriatic acid and the protoxide of an~ 
timony. Ifa large quantity of water is employed, the whole 
of the oxide subsides as the submuriate. 

The bichloride is generated by passing dry chlorine gas 
over heated metallic antimony. It is a transparent volatile 
liquid, which emits fumes on exposure to the air. Mixed 
with water, it is converted into muriatic acid, and the hydrated 
peroxide which subsides. It contains twice as much chlorine 
as the protochloride, or is composed of one atom of antimony, 
and two atoms of chlorine. v—«~ m the Annals of Philoso- 
phy, N.S. vol. x.) 

Dr. ‘Thomson, in his ‘ First Principles,” has dexovmed'a an- 
other chloride of antimony, composed of one atom of ehlo- 
rine and two atoms of the metal, It is, therefore, a dichlo 
ride. i (dees 

Sulphurets of antimony. The native sulphuret of antimony 
is of a lead-gray colour, and though generally compact, some- 
times occurs in acicular crystals, or in rhombie prisms. When 
heated in close vessels, it enters into fusion without undergo! 
ing any other change. Boiled in hot muriatie acid, it is dis. 
solved with disengagement of sulphuretted hydrogen. ‘The 
experiments of Berzelius, Dr. Davy, and Thomson, teave no 
doubt of its being analogous in composition to the protoxide 
of antimony, that is, consisting of one atom of each of its éle 
ments. It may be formed artificially by fusing together an- 
timony and sulphur, or by transmitting a current of sulpuret- 
ted hydrogen gas through a solution of tartar emetic. The 
orange precipitate, which subsides mn the last mentioned pro. 
cess, is commonly regarded as the hydrosulphuret of the oxide 
of antimony. In my opinion it isa hydrated sulphuret of 
the metal; for when well washed and treated by sulphuric 
acid it does not yield a trace of sulphuretted hydrogen. 

When sulphuret of antimony is boiled in a solution of po- 


ANTIMONY. All 


tassa, a liquid is obtained, from which as it cools, an orange- 
coloured matter, called Kermes mineral,.is deposited ; and 
on subsequently neutralizing the cold solution with an 
acid, an additional quantity of a similar substance, the 
golden sulphuret of the pharmacopeeia, subsides. Both 
these compounds, thus procured, are essentially the same 
as the hydrated sulphuret above described. The action of 
the alkali on the sulphuret of antimony admits of a two-fold 
explanation. It is possible that the latter may be dissolved 
directly by the former, and that it-is again deposited when the 
alkali is neutralized. It is more probable, however, that the 
elements of water and the sulphuret of antimony react on one 
another, forming sulphuretted hydrogen and protoxide of an- 
timony ; and that the liquid contains a double salt, composed 
of one atom of potassa, one atom of the protoxide of antimony, 
and one of sulphuretted hydrogen. On neutralizing the po- 
‘tassa with an acid, sulphuretted hydrogen and the protoxide 
are set at liberty, and by mutual reaction of their elements are 
reconverted into water and protosulphuret of antimony. 
~ "The sesquisulphuret is formed, according to M. Rose, by 
‘transmitting sulphuretted hydrogen gas through a solution of 
the deutoxide of antimony in dilute muriatic acid. (Annals 
of Philosophy, 'N.S. vol. x.) . 

M. Rose formed the bisulphuret, ciinainly of one atom of 
antimony ‘and two atoms of sulphur, by the action of sul- 
phuretted hydrogen’ on a solution of the peroxide. ‘The gol- 
‘den sulphuret prepared by boiling‘sulphuret of antimony and 
sulphur in solution of potassa, a process which is hot ae 
by either of our Colleges, is a bisulphuret. | 

M. Rose has likewise demonstrated that the red: antimony 
of Mineralogists (rothspiesglanzerz) is a compound of one 
atom of the protoxide combined with two atoms of the proto- 
suiphuret of antimony. “The pharmiaceutic preparations 
known by the terms of glass, liver, and crocus of antimony, 
are of a similar nature, though less definite in composition, 
“owing to the mode’ by which they’ are prepared. They are 
made by roasting the native sulphuret, so as to form sulphur- 
ous acid and oxide of antimony, and then vitrifying the oxide 
together with undecompdsed ore, by means of a’strong heat. 
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Uranium was discovered in 1789 by Klaproth in a mine- 
ral of Saxony, called from its black colour pitchblende, which 
consists of the protoxide of uranium and oxide of iron. From 
this ore the uranium may be conveniently extracted by the 
following process. —After heating the mineral to redness, 
and reducing it to fine powder, it is digested in pure nitric 
acid diluted with three or four parts of water, taking the pre- 
caution to employ a larger quantity of the mineral than the 
nitric acid present can dissolve. By this mode of operating, 
the protoxide is converted into the peroxide of uranium, which 
unites with the nitric acid almost to the total exclusion of the 
iron. A current of sulphuretted hydrogen is then transmit- 
ted through the solution, in order to separate lead and cop- 
per, the sulphurets of which are always mixed with pitch- 
blende. The solution is boiled to expel the free sulphuretted 
hydrogen, and after being concentrated by evaporation, is 
set aside to crystallize. ‘The nitrate of uranium is gradually 
deposited in flattened four-sided prisms of a beautiful lemon- 
yellow colour. | 

The properties of metallic uranium are as yet ent im- 
perfectly. It was prepared by Arfwedson, by conducting 
hydrogen gas over the protoxide of uranium heated in a glass 
tube. The substance obtained by this process was crystal- 
line, of a metallic lustre, and of a reddish-brown colour. It 
suffered no change on exposure to air at common tempera- 
tures ; but when heated in open vessels absorbed oxygen, and 
was reconverted into the protoxide. From its lustre 1t was 
inferred to be metallic uranium. | 

Chemists are acquainted with two compounds of uranium 
and oxygen, the composition of whieh has been minutely stu- 
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died by Arfwedson* and Thomson.+ According to the che- 
mist last mentioned, whose, experiments are the most recent, 
the weight of an atom of uranium is 208, and its oxides are 
composed of | 


. _ Uranium. . sntcraiia! 
Protoxide » 208 ... 8j.s24i 216 
Peroxide . 208... ‘16 =. 224 


_ According to the analyses of Arfwedson, 216 is the atomic 

weight of uranium, and the oxygen in its two oxides, isin the 
ratio of 1 to,1.5; and. Berzelius, from the composition of 
three salts of uranium, has arrived ata similar conclusion. 
_. The protoxide of uranium is of a very dark green colour, 
and is obtained by decomposing the nitrate of the peroxide by 
heat... It.is.exceedingly infusible, and bears any temperature 
hitherto tried without change. , It unites with acids, forming 
salts ofa green colour. . It is readily oxidized by nitric acid, 
and yields a yellow solution which is a nitrate of the peroxide. 
‘The protoxide is anne in the arts for giving a black co- 
lour to porcelain. 

The peroxide of uranium is of a yellow or orange colour, 
and most of its salts have a similar tint. It not only com- 
bines with acids, but likewise unites with alkaline bases, a 
property which was first noticed ,by Arfwedson. It is precipi- 
tated from acids as a yellow hydrate by pure alkalies, fixed or 
volatile; but retains a portion of these bases in combination. 
It is thrown down.as a carbonate by the carbonate of soda or 
ammonia, and is redissolved by an excess of the)precipitant, 
a circumstance which affords an easy method: of: separating 
uranium from iron. It is not precipitated by sulphuretted 
hydrogen. With ferrocyanate of potassa it gives a brownish- 
red. precipitate, not unlike, the ferrocyanate of the peroxide 
of copper. : ) 

The peroxide of uranium is decomposed by a strong heat; 
and converted into the peroxide. From its affinity for alka. , 
lies, it is difficult to obtain it in a state of perfect purity.; It 
is employed: in the arts for giving an orange colour to:porce- — 
Jain. 


* Annals of Philosophy, N.S. vol. vii. 
+ First Principles, vol. ii. 
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Matias was discovered in 1803 i MM. Hisinger and 
Berzelius, in a rare Swedish mineral known by the name of 
cerite, and its existence was recognised about the same time 
by Klaproth.~ Dr. Thomson has since found “it to the ex- 
tent of thirty-four per cent. in a mineral from Greenland, 
called Adlanite, in honour of Mr. Allan; who first distinguish- 
ed it as' adistinct species. 

The properties of cerium are in a ghias, measure unknown. 
It appears from the experiments of Vauquelin, who obtained 
it in minute buttons not larger than the head of a pin, that 
it is a white brittle metal, which resists the action of nitric} 
but is dissolved by nitro-muriatic acid. According to an ex- 
periment made by Mr. Children and Dr. Thomson, ‘metallic 
cerium is volatile’ in very intense degrées of heat: a 
of Philosophy,’ vol. /1i/)' | 

Oxides of Ceritwm.—Cerium unites with oxygen in two 
proportions, and the composition of the resulting oxides has 
been particularly studied by M. Hisinger.* “Dr. Thomson+ 
has likewise made experiments on the subject, arid infers from 
data furnished partly by himself and partly by M. Hisinger, 
that 50 is the atomic weight of et Sg and that its oxides 
are thus vonstipy ted : | . 


Cerium. Oxygen. 
Protoxide .° 50 ‘ 8 = 58 


Deutoxide . 50 ‘ 12 62 

The protoxide of cerium is.a white powder, which is inso- 
luble in water, and forms: salts. with acids, all’ of which, if 
soluble, have an acid reaction. Exposed to the air at common 
temperatures it suffers no change; but if heated in open ves- 
sels, it absorbs oxygen and is converted into the peroxide. It 
is precipitated from its salts as'a white hydrate by pure alka- 
lies ; asa white) carbonate by alkaline carbonates, but is ‘re- 


* Annals of Philosophy, vol. iv. 
+ First Principles, vol. i. 


COBALT, a ALS. 


dissolved by the precipitant in excess; and as a mhise oxalate, 
by the oxalate of ammonia... ) . 

The peroxide of. cerium, is, ofa deans iebeiiind It As 
dissolved by several of the acids, but.is a weaker base, than 
the protoxide.. Digested in muriatic acid, chlorine is disen- 
gaged and a protomuriate results, ; 

‘The most convenient method of extracting pune oxide of 
cerium from cerite, is by the process, of Laugier, After re- 
ducing the cerite to powder, it is dissolved in nitro-muriatic 
acid, and the solution 1 1S evaporated to perfect. dryness, ..The 
soluble parts are then redissolved by water, and.an. excess of 
ammonia is added. The precipitate thus, formed, consisting 
of the oxides of iron and cerium, is well washed and.after-: 
wards digested in.a solution, of, oxalic acid, which: dissolves 
the iron, and. forms an insoluble oxalate with the cerium. By. 
heating this oxalate to redness in an open fire, the acid is 
decomposed, and the peroxide of cerium is obtained in a pure | 
state, . 


COBALT. 


. This metal is met with in the earth chiefly in combination 
with arsenic, constituting an ore from which all. the cobalt. of 
commerce. is derived. . It,is a.constant ingredient of meteoric 
iron; at least Professor Stromeyer informs me that he has 
analysed several varieties, in every one of which he has de- 
tected the presence of cobalt... 

When. the native arseniuret. of cobalt is deseo oe email 
pieces, and exposed in a reverberatory. furnace to the united 
action, of heat and air, its elements are oxidized, most of the 
arsenious acid is, expelled, in the form of vapour, and ab im- 
pure oxide of cobalt, called zaffre, remains. : On heating this 
substance, with, a mixture, of sand and. potash, a beautiful 
blue-coloured glass is obtained, which, when reduced to pow- 
der, is known by; the name of smalt. 

. Metallic cobalt may |be obtained by ins Fvsaty sate in 
muriatic acid, and transmitting through the solution a cur- 
rent of sulphuretted hydrogen gas until the arsenious acid is 
completely separated in the form of sulphuret of arsenic. 
The filtered liquid is then boiled with a little nitric acid, in 
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order to convert the protoxide into the peroxide of iron, and’ 
an excess of the carbonate of potassa is added. The preci- 
pitate consisting of the peroxide of iron and carbonate of co- 
balt, after being well washed with water, is digested in a so- 
lution of oxalic acid, which dissolves the iron and leaves the 
cobalt in the form of an insoluble oxalate. (Laugier.) On 
heating the oxalate of cobalt in a retort from which the at- 
mospheric air is excluded, a large quantity of carbonic acid 
is evolved, and a black powder, metallic cobalt, is left. (Thom- 
son in Annals of Philosophy, N.S. i.) The pure metal is 
easily procured also by passing a current of dry hydrogen 
gas over the oxide of cobalt heated to redness in a tube of 
porcelain. 

Cobalt is a brittle metal, of a reddish-gray colour, and weak 
metallic lustre. Its density is 8.538. It fuses at about 130° . 
of Wedgwood, and when slowly cooled it crystallizes. It is 
attracted by the magnet, and is susceptible of being rendered 
permanently magnetic. It undergoes little change in the 
air, but absorbs oxygen when heated in open vessels. It is 
attacked with difficulty by sulphuric or muriatic acid, but is 
readily oxidized by means of nitric acid. | 

Owides of Cobalt.—Chemists are acquainted with two ox- 
ides of cobalt. According to the experiments of Rothoff,* 
the protoxide is composed of 29.5 parts of cobalt and 8 parts 
of oxygen, so that the atomic weight of cobalt is 29.5. Dr. 
Thomson, on the contrary, infers from his analysis of the 
sulphate of cobalt, that 26 is the equivalent of this metal. 
From this discordance it is clear that the atomic weight of 
cobalt is not yet known with certainty. According to Ro- 
thoff, the oxygen contained in the two oxides is as 1 to 1.5. 

The protoxide is of an ash-gray colour, and is the basis of 
the salts of cobalt, most of which are of a pink hue. When 
heated to redness in open vessels it absorbs oxygen, and is 
converted into the peroxide. It may be prepared by decom- 
posing the carbonate of cobalt by heat in a vessel from which 
the atmospheric air is excluded. It is easily recognised by 
giving a blue tint to borax when melted with it; and is em- 


* Annals of Philosophy, vol. iii. p. 356. 
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ployed in the arts, in the form of smalt, for communicating a 
similar colour to glass, earthenware, and porcelain. 

The protoxide of cobalt is precipitated from its salts by 
pure potassa as a blue hydrate, which absorbs oxygen from 
the air, and gradually becomes black. Pure ammonia, like- 
wise, causes a blue precipitate, which is redissolved by the 
alkali if in excess. It is thrown down asa pale pink car- 
bonate by the carbonates of potassa, soda, or ammonia; but 
an excess of the last redissolves it with facility. Sulphuret- 
ted hydrogen produces no change, unless the solution is quite 
neutral, or the oxide 1s combined with a weak acid. Alka- 
line hydrosulphurets always precipitate it as. the black sul- 
phuret of cobalt. 

The muriate uf cobalt is celebrated as a sympathetic ink. 
When diluted with water so as to form a pale pink solution, 
and then employ ved as ink, the letters, which are invisible in 
the cold, become blue if gently eee 
- The peroxide of cobalt is of a black colour, and is easily 
formed from the protoxide in the way already mentioned. It 
does not unite with acids; and when digested in muriatic 
acid, the protomuriate of ‘cobalt is generated with disengage- 
ment of chlorine. When strongly heated in close vessels, it 
gives off oxygen, and is converted into the protoxide. 

The compounds of cobalt with the other non-metallic bodies 
have hitherto been little examined. 


/ NICKEL. 


Nickel is a constituent of meteoric iron, It occurs likewise 
in the copper-coloured mineral of Westphalia, termed copper- 
nickel, a native arseniuret of nickel, which in addition to its 
chief constituents contains sulphur, iron, cobalt, and copper. 
From this mineral the oxalate of nickel may be prepared by 
a process precisely similar to that described for forming the 

oxalate of cobalt. The only difficulty in preparing nickel 
consists in separating it from cobalt, and on this subject the 
reader may consult the aie of M. Laugier. (An. de Ch. et 
dePh., vol. ix.) | 
Metallic nickel, which may be prepared either by Hiei 
the oxalate i in close vessels, or by the combined action of heat 


418 NICKEL. 


and charcoal or hydrogen on the oxide of, nickel, is of a, 
white colours intermediate between that of tin and silver. It. 
has a strong metallic lustre, and is both ductile and malleable. 
It is.attracted by the magnet, and like iron and cobalt may 
be. rendered magnetic. Its specific gravity after fusion is 
about 8.279, and is increased to near 9.0 by, hammering. 
Nickel is exceedingly infusible, even more so than pure 
iron. It suffers no change at common temperatures by ex- 
posure to air and moisture ; but absorbs oxygen at a red heat, 
though not rapidly, and is partially oxidized. The muriatic 
and sulphuric acids act upon it with difficulty. By the nitric 
acid it is readily oxidized, and forms a nitrate of the protox- 
ide of nickel. | 
Nickel is susceptible of two stages of oxidation. . The com- 
position of its oxides is stated very, differently by different 
chemists. According to the experiments of Rothoff and Tup- 
puti, 29.5 is the atomic weight of nickel. Thomson estimates. 
it at 26; and Lassaigne at 40. (An. de Ch, et de Ph. vol. 
xxi.) Lassaigne, whose analyses are the most recent, ,attri- 
butes this. discordance,to the presence of cobalt in the nickel 
employed by preceding chemists, a supposition which is by 
no means improbable. According to his experiments, the two 
oxides are thus constituted. — 


Nickel. - Oxygen. 


Protoxide : 40 / 8 = 48 
Peroxide : 40 : 16. = /56 


The protoxide of nickel is of an ash-gray colour, and may 
be formed by, heating the carbonate, oxalate, or nitrate to 
redness in an.open vessel. . It is not attracted by the magnet. 
It. is a strong alkaline, base, and nearly all its salts have a 
green tint. It is precipitated as a hydrate of a pale green co: 
lour by the pure alkalies, but)is redissolved by. ammonia in 
excess ;,as a pale green carbonate by alkaline carbonates, but 
is dissolved by an, excess of the carbonate of ammonia; as a 
black sulphuret by alkaline hydvosulphurets.. Sulphuretted 
hydrogen occasions no precipitate, unless the solution is quite 
neutral, or the oxide is combined with a weak acid. 


The peroxide of nickel is of a black colour, and is formed 
3 
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by transmitting chlorine gas through water in which the hy- 
drate of the protoxide is suspended. The peroxide of nickel 
' does not unite with acids, is decomposed by a red heat, and 
with hot muriatic acid forms a protomuriate with disengage- 
ment of chlorine. 


SECTION XIX: 
BISMUTH. TITANIUM. TELLURIUM. 
BISMUTH. 


Bismurs is found in the earth both native and in. com- 
bination with other substances, such as sulphur, oxygen, and 
arsenic. ‘That which is employed in the arts is derived chief- 
ly from native bismuth, and commonly contains small quan- 
_ tities of sulphur, iron and copper. It may be obtained pure 
for chemical purposes by heating the oxide or subnitrate to 
redness along with charcoal. 

Bismuth has a reddish-white colour and considerable Justre, 
Its structure is highly lamellated, and when slowly cooled, 
it crystallizes in octahedrons. Its density is about 10. It is 
brittle when cold, but may be hammered into plates while 
warm. At 476° F. it fuses, and sublimes in close vessels at 
about 30° Wedgwood. It is a less perfect conductor of ca- 
loric than most other metals. | 

Bismuth undergoes little change by exposure to air at com- 
mon temperatures. When fused in open vessels, its surface 
becomes coyered with a gray film, which is a mixture of me- 
tallic bismlth with the oxide of the metal... Heated to its 
subliming point it burns with a bluish-white flame, and emits 
copious fumes of the oxide of bismuth. The metal is attack. 
ed with difficulty by muriatic or sulphuric acid, but it is 
readily oxidized and dissolved by nitric acid. 

Oxide of Bismuth.—This metal unites with oxygen in one 
proportion only, forming a yellow. coloured oxide, which may 
be easily procured by heating the subnitrate to redness. At 


a full red heat it is fused, and yields a‘ transparent yellow 
25 | 
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glass. At a still higher temperature it is sublimed. It unites 
with acids, and most of its. salts are white. According to the 
experiments of Dr. J. Davy,* it is composed of 72 parts of 
bismuth, and 8 parts of oxygen, and therefore 72 is the ato- 
mic weight of bismuth, and 80 the equivalent of its oxide. 
This result is confirmed by the researches of Dr. Thomson.t 

When the nitrate of bismuth, either in solution or in crys- 
tals, is put into water, a copious precipitate, the subnitrate, 
of a beautifully white colour .subsides, which was formerly 
called the magistery of bismuth. From its whiteness it is 
sometimes employed as a paint for improving the complexion; 
but it is an inconvenient pigment, owing to the facility with 
which it is blackened by sulphuretted hydrogen, If the ni- 
trate with which it is made contains no excess of acid, and a 
large quantity of water is employed, the whole of the bismuth 
is separated as a subnitrate.-—By this character bismuth may 
be both distinguished and separated from other metals. 

Chloride of Bismuth—When bismuth in fine powder is 
introduced into chlorine gas, it takes fire, burns with a pale 
blue light, and is converted into a chloride, formerly term- 
ed butter of bismuth. It may be prepared conveniently 
by heating two parts of corrosive sublimate with one of bis- 
muth, and afterwards expelling the excess of the former, to- 
gether with the metallic mercury, by heat. 

The chloride of bismuth is of a grayish-white colour, 
opaque, and of a granular texture. It fuses at a temperature 
a little above that at which the metal itself is hquefied, and 
bears a red heat in close vessels without subliming. (Dr. 
Davy-) From the experiments of Drs, Davy and Thomson, 
it appears to consist of one atom of each ofits elements. 

Sulphuret of Bismuth.—T his sulphuret 1s found native, 
and may be formed artificially by fusing bismuth with sul- 
phur. It is of a lead-gray colour, and nicitallic lustre. The 
experiments of Dr. Davy, Thomson, and Lagerhielm} leave 
no doubt of its being composed of one atom of iki ual and. 
one atom of sulphiits. I apprehend the dark brown precipi- 


is shai rk 8 Transactions for 1812. + First RPS yok. i, 
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tate caused by the action of sulphuretted hydrogen on the 
salts of bismuth is likewise a protosulphuret. 


TITANIUM. 


Titanium was first recognised as a new substance by Mr. 
Gregor of Cornwall, and its existence was afterwards esta- 
blished by Klaproth.* But the properties of the metal were 
not ascertained in a satisfactory manner until the year 1822, 
when Dr. Wollaston was led to examine some minute crys- 
tals which were found in a slag at the bottom of a smelting 
furnace at the great iron works at Merthyr Tydvil in Wales, 
and were presented to him by Mr. Buckland. ‘These erys- 
tals, which have since been found at other iron works, are of 
a cubic form, and in colour and lustre are like burnished cop- 
per. They conduct electricity, and are attracted slightly by 
the magnet, a property which seems owing to the presence of 
a minute quantity of iron. Their specific gravity is 5.3; and 
their hardness is so great, that they seratch a polished surface 
of rock crystal. ‘They are exceedingly infusible ; but when 
exposed to the united action of heat and air, their surface 
becomes covered with a purple-coloured film which is an ox- 
ide. They resist the action of the nitric and nitromuriatic 
acids, but are completely oxidized by being strongly heated 
with nitre. ‘They are then converted into a white substance, 
which possesses all the properties of the peroxide of titanium. 
By this character they are proved to be metallic titanium. 

Oxides of titanium.—This metal has probably two degrees 
of oxidation. The protoaide is of a purple colour, and is sup- 
posed to exist pure in the mineral called Anatase ; but its 
composition and chemical properties are unknown. The per- 
oxide exists in a nearly pure state in the titanite or rutile. 
The menaccanite in which titanium was originally discovered 
by Mr. Gregor, is a compound of the oxides of titanium, iron, 
and manganese. ‘This oxide is best prepared from rutile ; 
but as the process is rather complex, owing to the difficulty 
of separating it from iron, I shall refer the reader, for an ac- 


5 | 
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count of it, to an essay on titanium by M. Rose. (An. de 
Ch. et de Ph. vol. xxiii.) 

The oxide of titanium, when pure, is quite hire It is 
exceedingly infusible and difficult of reduction ; and after be- 
ing once ignited, ceases to be soluble in acids. M. Rose has 
observed that, like silica, it possesses weak acid properties. 
Thus he finds that it unites readily with alkalies, and he de- 
nies its power of acting as an alkaline base. On this account 
he proposes for it the name of titanic acid. 

If previously ignited with carbonate of potassa, the oxide 
of titanium is soluble in dilute muriatic acid ; but it is retain- 
ed in solution by so feeble an attraction, that it is precipitated 
merely by boiling. It is likewise thrown down by the pure 
and carbonated alkalies, both fixed and volatile. A solution 
of gall-nuts causes an orange-red colour, which is very cha- 
racteristic of the presence of titanium. When a rod of zine 
is suspended in the solution, a purple-coloured powder, pro- 
bably the protoxide, is precipitated, which is gradually re- 
converted into the peroxide. 

The atomic weight of titanium, as deduced by Dr. Thom- 
son from experiments made by M. Rose and by himself, is 
24, ‘Titanic acid is inferred, from the same data, to be com- 
posed of 24 parts, or one atom of. titanium, and 16 parts or 
two atoms of oxygen. 


TELLURIUM. 


Tellurium is a rare metal, hitherto found only in the gold 
mines of Transylvania, and even there in very small quantity. 
Its existence was inferred by Miiller in 1782, and fully esta- 
blished in 1798 by Klaproth.* It occurs in the metallic state, 
chiefly in combination with gold and silver. , 

Tellurium has a tin-white colour running into lead-gray, 
a strong metallic lustre, and lamellated texture. It is very 
brittle, and its density is 6.115. It fuses at a temperature 
below redness, and at a red heat is volatile. When heated 
before the blow pipe it takes fire, burns rapidly with a blue 
flame bordered with green, and is dissipated in gray colour- 
ed pungent-inodorous fumes. The odour of decayed horse 
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xadish is sometimes emitted during the combustion, and was 
thought by Klaproth to be peculiar to tellurium ; but Berze- 
lius ascribes it solely to the presence of selenium. 

Oxide of Tellurium.—Tellurium is rapidly oxidized by 
nitric acid, and a soluble nitrate of the oxide results. The 
oxide is likewise formed during the combustion of the metal. 
It. is of a gray colour, fuses at a red heat, and at a tempera- 
ture still higher sublimes, When heated before the blow-pipe 
on charcoal it is decomposed with violence. It has the pro- 
perty of forming salts both with acids and alkalies. It is 
precipitated from its solution in acids, as a hydrate, by all the 
alkalies both pure and carbonated; but is redissolved by an ex- 
cess of the precipitant. Alkaline hydrosulphurets occasion a 
black precipitate, which is probably a sulphuret of tellurium: 
It is reduced to the metallic state, and thrown down asa 
black powder, by insertion of a rod of zine, tin, antimony, or 
iron. 

According to Berzelius the oxide of tellurium is composed 
of nearly 32 parts of the metal, and 8 parts of oxygen; so 
that 32 may be regarded.as the atomic weight of tellurium, 
and 40 of its oxide. .This result, however, differs consider- 
ably from that of Klaproth, and therefore requires confirma- 
tion. 

Tellurium unites in one proportion with chlorine, and in 
two proportions with hydrogen. The most interesting of these 
compounds is the telluretted hydrogen-gas discovered in 1809 
by Sir H. Davy. This gas is colourless, has an odour simi- 
lar to that of sulphuretted hydrogen, and is absorbed by wa- 
ter, forming a claret-coloured solution. As it unités with al- 
kalies, it may be regarded as a feeble acid. It reddens lit- 
mus paper at first; but loses this property after being wash- 
ed with water. 


SECTION XX. 


COPPER. 


NatIvE copper is by no means uncommon. It occurs in 
large amorphous masses m some parts of America, and is 


ss 
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sometimes found in octahedral crystals, or in forms allied to 
the octahedron. The metallic copper of commerce is extract- 
ed chiefly from ‘the native sulphuret. 

Copper is distinguished from all other metals, titanium ex- 
cepted, by bia vidniee a red colour. It receives a considerable 
lustre by polishing. Its density is 8.78, and is increased by 
hammering. It is both ductile and malleable, and in tenaci- 
ty is inferior only to iron. It is hard and elastic, and conse- 
quently sonorous. In fusibility it stands between silver and 
gold. (Page $25.) | ; 

Copper undergoes little change in a perfectly dry atmos- 
phere, but is rusted in a short time by exposure to air and 
moisture, being converted into a green substance, the carbon- 
ate of the peroxide of copper. Ata red heat it absorbs oxygen, 
and is converted into the peroxide, which appears in the form 
of black scales. It is attacked with difficulty by muriatic and 
sulphuric acids, and not at all by the vegetable acids, if at- 
mospheric acid be excluded ; but if air has free access, the 
metal absorbs oxygen with rapidity, the attraction of the acid 


. for the oxide of copper co-operating with that of the copper 


for oxygen. Nitric acid acts with violence on copper, form- 
ing a nitrate of the ‘peroxide. (Pages 185, 186.) 

Oxides of Copper.—T he oxides of this metal have been stu- 
died by Proust, Chenevix, Dr. Davy, and Berzelius, and 
especially by the former.* From the labours of these che- 
mists, it appears that there are but two oxides of copper; and 
that they are thus constituted :-— 


" Copper. Oxygen. 
Protoxide.. 34 2 (64 4% 4 Dis =—- 72 
Peroxide. » . 64 ... 16 = 80 


Consequently, if the first be regarded as a compound of one 
atom of each element, 64 is the atomic weight of copper. —' 

The red or protoxide occurs native in the form of octahe- 
dral crystals, and is found of peculiar beauty in the mines of 
Cornwall. It may be prepared artificially by mixing 64 parts 
of metallic copper in a state of fine division with 80 parts of 
the peroxide, and heating the mixture to redness in a close 
vessel; or by boiling a solution of the acetate of copper with 
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sugar, when the peroxide is partially deanitlig aly -and sub. 
sides as a red powder. 

The protoxide of copper combines seit the rains sul. 
phuric, and probably with several other acids, forming. salts, 
most of which are colourless, and from which the protoxide 
is precipitated as an orange-coloured hydrate, by alkalies. 
They attract oxygen rapidly from the atmosphere, by which 
they are converted into per-salts: The protomuriate is easily 
formed by putting a solution of the per-muriate with free 
muriatic acid and copper filings into a well-closed glass phial. 
The protoxide of copper is soluble in ammonia, and the so- 
lution is quite colourless. It becomes blue, however, in the 
space of a minute by free exposure to air, owing to the for- 
mation of the peroxide. | 

The peroxide. of copper, the copper black of eéinassipailits 
is sometimes found native, being formed by the spontaneous 
oxidation of other ores of copper, It may be prepared arti- 
ficially by calcining metallic copper, by precipitation from the 
per-salts of copper by means of pure potassa, and by heating 
the nitrate of copper to redness. , 

The peroxide of copper varies in colour from a dark brown 
to a bluish-black, according to the mode of formation. It un- 
dergoes no change by heat alone, but is readily reduced to 
the metallic state by heat and combustible matter. It is 
insoluble in water, and does not affect the vegetable blue co- 
Jours. It combines with nearly all the acids, and most of its 


salts have a green or blue tint.. It is soluble likewise in ame , 


monia, forming with it a deep blue solution, a property by 
which the peroxide of rebagar is distinguished from all other 
substances, 


‘The peroxide of copper is precipitated by pure potassa 


as a blue hydrate, which is rendered black by boiling, the 
hydrate being decomposed at that temperature. Pure ams 


monia at first throws down a greenish-blue sub-sulphate, which , 
is redissolved by the precipitant in excess, and forms the deep | 
blue ammoniacal sulphate of copper, Alkaline carbonates - 


cause a bluish-green precipitate, the carbonate of copper, 
which is redissolved by an excess of carbonate of ammonia, 


It is precipitated as a dark brown sulphuret by sulphuretted: 
hydrogen, and asa reddish-brown ferrocyanate by the fers 


oe 


426 COPPER. 


rocyanate of potassa. ‘The oxide of copper is thrown down 
of a yellowish-white colour by albumen, and M. Orfila has 
proved that this compound is inert, so that albumen is an an- 
tidote to poisoning by copper. 

Copper is separated in the metallic state by a rod of iron 
or zinc. (Page 328.) The copper thus obtained, after being 
washed with a dilute solution of muriatic acid, is chemically 
pure. 

The best mode of detecting copper, when supposed to be 
present in mixed fluids, is by sulphuretted hydrogen. The 
sulphuret, after being collected, should be placed ona piece of 
porcelain, and digested in a few drops of nitric acid. A sul- 
phate of copper is formed, which, when evaporated to dry- 
ness, strikes the characteristic deep blue on the addition of 
ammonia. 

Chlorides of Copper.—The chlorides of copper have been 
minutely studied by Proust and Dr. Davy. From the able 
researches of these chemists, and especially of the latter, there 
is no doubt that the two chlorides are proportional to the two 
oxides of copper, or that they are composed of 


Copper. Chlorine. 
Protochloride . 64 ‘ 56 
Perchloride 64 (2 


When copper filings are introduced into an atmosphere of 
chlorine gas, the metal takes fire spontaneously, and-both the 
chlorides are generated. 

The protochloride may be conveniently prepared by heat- 
ing copper filings with twice their weight of corrosive subli- 
mate. In this way it was originally made by Mr. Boyle, 
who termed it resin of copper, from its resemblance to com- 
mon resin. Proust procured it by the action of the proto- 
muriate of tin on the permuriate of copper; and also by de- 
composing the permuriate by heat. He gave it the name of 
white muriate of copper. 

The protochloride of copper is fusible at a heat just below. 
redness, and bears a red heat in close vessels without sublim- 
ing. It is insoluble in water, but dissolves in muriatic acid, 
and is precipitated unchanged by water as a white powder. 
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¥ts colour varies with the mode of preparation, being white, 
yellow/or dark brown. 

The perchloride is best formed 1 by exposing the permuriate 
of copper to a temperature not exceeding 400° I’. (Dr. Davy.) 
It-is a pulverulent substance of a yellow colour, deliquesces 
on exposure to the air, and is reconverted by water into the 
permuriate. It parts with half its chlorine when: strongly 
heated, and the protochloride of copper is generated. 

Sulphurets of Copper.—The protosulphuret of copper, the 
copper glance of mineralogists is formed artificially by heat- 
ing copper-filings with a third of its weight of sulphur. The 
combination is attended with such free disengagement of ca- 
loric, that the mass becomes vividly luminous.. According 
to the analysis of Berzelius, it is composed of 64 parts or 
one atom of copper, and 16 parts or one atom of sulphur. 

The bisedphuret is a constituent of copper pyrites, in which 
mineral it is combined with the sulphuret of iron. It may be 
formed artificially by the action of sulphuretted hydrogen on 
a per-salt of copper. When exposed to a red heat in a close 
vessel it loses half its sulphur, and is converted into the pro- 
to-sulphuret. 

The compounds of copper with the other non-metallic bo- 
dies are of minor interesf. 3 


SECTION XXI. | 
LEAD. 


Native lead is an exceedingly rare production; but in 
combination, especially with sulphur, it occurs in large quan- 
tity. All the metallic lead of commerce is extracted from the 
native sulphuret, the galena of mineralogists. 

Lead has a bluish-gray colour, and when recently cut, a 
- strong metallic lustre, but it soon tarnishes by exposure to 
the air. Its density is 11.358. It is soft, flexible, and ine- 
lastic. It is both malleable and ductile, possessing the for- 
mer property in particular to a considerable extent. In tena- 
city, it is inferior to all ductile metals. It fuses at about 
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612° F., and when slowly cooled forms octahedral crystals, 
It may be heated to whiteness in close vessels without sublim- 
ing. Most of the compounds of lead are poisonous. 

Lead is not oxidized by the action of air and moisture, and 
may be kept in distilled water without change. But if placed 
in water contained in an open vessel, a slow process of oxis 
dation goes forward, and a white crust is formed, which is 
a carbonate of the protoxide of lead. 

Lead absorbs oxygen quickly at high temperatures. When 
fused in open vessels, a gray film forms upon its surface, 
which is a mixture of metallic lead and protoxide; and when 
strongly heated, it is dissipated in fumes of the yellow oxide 
of lead.. 

Lead is not attacked by the muriatic or the vegetable 
acids, though their presence accelerates the absorption of 
oxygen from the atmosphere in the same manner as with 
copper. Cold sulphuric acid does not act upon it; but when 
boiled in:that liquid, the lead is slowly oxidized at the ex- 
pense of the acid. The only proper solvent for lead is the 
nitric acid, This reagent oxidizes it rapidly, and forms 
with its oxide a salt which crystallizes in opaque octahedrons 
by evaporation, 

Owides of lead.—Lead has three degrees of oxidation, and 
the composition of its oxides, as determined with great care 
by Berzelius,* is as follows :— 


Lead. Oxygen. 
Protoxide (jr, LOA ow os Sav we wee lg 
Deutoxide . 104  . 12 . =116 
Pr@oxide’ §. © 104... ©16% 2 ©1924 


Protoxide.—This oxide is prepared on a large scale by 
collecting the gray film which forms on the surface of melted 
lead, and exposing it to heat and air until it acquires a uni- 
_form yellow colour. In this state it is the massicot of com- 
“merce; and when partially fused by heat, the term litharge 
is applied to it. As thus procured it is always mixed with the 


* Annals of Philosophy, vol. xv. 


LEAD. 429 


deutoxide. It may be obtained pure by heating the carbo- 
nate or nitrate to low redness in a vessel from which atmos- 
pheric air is excluded. | 

The protoxide of lead has a yellow colour, is insoluble in 
water, fuses at a red heat, and in close vessels is fixed and 
unchangeable in the fire. Heated with combustible matters 
it parts with oxygen, and is reduced. From its insolubility 
it does not change the vegetable colours under common cir- 
cumstances ; but when rendered soluble by a small quantity 
of acetic acid, it has a distinct alkaline reaction. It unites 
with acids, and is the base of all the salts of lead. Most of 
its salts are of a white colour. | 

The protoxide of lead is precipitated from its solutions by 
pure alkalies as a white hydrate, which is redissolved by po- 
tassa In excess; as a white carbonate, which is the well-known 
pigment white lead, by alkaline carbonates; as a white sul- 
phate by soluble sulphates; as a dark brown sulphuret by 
sulphuretted hydrogen; and as the yellow iodide of lead by 
hydriodic acid or hydriodate of potassa. 

M. Orfila has proved experimentally that the sulphate of 
lead, owing to its insolubility, is not poisonous, and therefore 
the sulphate of magnesia, or any soluble sulphate, renders the 
active salts of lead inert. 

The best method of detecting the presence of lead in wine 
or other suspected mixed fluids is by means of sulphuretted 
hydrogen. The sulphuret of lead, after being collected on 
a filter and washed, is to be digested in nitric acid diluted 
with twice its weight of water, until the dark colour of the 
sulphuret bie. The solution of the nitrate of lead: 
should then be brought to perfect dryness on a watch glass, 
in order to expel the excess of nitric acid, and the residue be 
redissolved in a small quantity of cold water. On dropping 
a particle of the hydriodate of potassa into a portion of this 
liquid, the yellow iodide of lead will instantly appear. | 

The protoxide of lead unites readily with earthy sub- 
stances, forming with them a transparent colourless glassy 
Owing to this property it is much employed for glazing 
earthen ware and porcelain. It enters in large quantity into: 
the composition of flint glass, which it yeaidets more fusible, 
transparent, and uniform. 


“430 LEAD. 


Lead is separated from its salts in the metallic state by 
iron or zinc. The best way of demonstrating this fact is by 
dissolving one part of the acetate of lead in sixteen of water, 
and. suspending a piece of zinc in the solution by means of a 
thread. The lead is deposited upon the zinc in a peculiar 
arborescent form, giving rise to the appearance called arbor 
saturnt. This 1s a convenient method of obtaining very pure 
metallic lead. “ 

Deutoxide.—The deutoxide of lead is the miniewm or red 
lead of commerce, which is employed as a pigment, and in 
the manufacture of flint glass. It is formed by heating li- 
tharge in open vessels while a current of air is made to play 
upon its surface. 

‘This oxide does not unite with acids. When heated to 
redness it gives off pure oxygen gas, and is reconverted into 
the protoxide. When digested in nitric acid it is resolved 
into the protoxide and peroxide of lead, the former of which 
unites with the acid, while the latter remains as an insoluble 
powder. 

Peroxide.—This oxide may be obtained by the action of 
nitric acid on minium, as just mentioned ; but the most con- 
venient method of preparing it is by transmitting a current 
of chlorine gas through a solution of the acetate of lead. In 
this process water is decomposed ;—its hydrogen uniting with 
chlorine, and its oxygen with the protoxide of lead, gives rise 
to murilatic acid and the peroxide of lead, 

The peroxide of lead is of a puce colour, and does not unite 
with acids. It is resolved by a red heat into the protoxide 
and oxygen gas. | 

Chloride of lead.—This compound, sometimes called horn. 
lead or plumbum corneum, is slowly formed by the action of 
chlorine gas on thin plates of lead, and may be obtained more 
easily by adding muriatic-acid or a solution of sea-salt to the 
acetate or nitrate of lead dissolved in water. This chloride 
, dissolves to a considerable extent in hot water, especially 
when acidulated with muriatic acid. In solution it is most 
probably a muriate of, the oxide of lead; but in cooling, the 
chloride separates in the form of small acicular crystals of a 
white colour, It fuses at a temperature below redness, and 
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forms as it cools a semi-transparent horny mass. It bears a 
full red heat in close vessels without subliming. According 
.to the analysis of Dr. Davy, it is composed of one atom of 
lead and one atom of chlorine. 

The pigment called mineral or patent yellow is a compound 
of the chloride and protoxide of lead.. It is prepared for the 
purposes of the arts by the action of moistened sea-salt en l- 
tharge, by which means a portion of the protoxide is convert- 
ed into chloride of lead, and then fusing the mixture. Soda 
is set free during this process, and is converted into a carbo- 
nate by absorbing carbonic acid from the atmosphere. 

The iodide of lead is easily formed by mixing a solution of 
hydriodic acid or hydriodate of potassa with the acetate or nis 
trate of lead dissolved in water. It is of a rich yellow colour. 
It is dissolved by boiling water, forming a colourless solution, 
and is deposited on cooling in yellow crystalline scales of a 
brilliant lustre. It is composed of one atom of iodine and 
one atom of lead. 

The sulphuret of lead may be made artificially, either by 
heating together lead and sulphur, or by the action of sul- 
phuretted hydrogen on a salt of lead. It is an abundant na- 
tural product, well known by the name of galena. It consists 
of one atom of lead and one atom of sulphur. 


SECTION XXII. 
MERCURY OR QUICKSILVER. 


Menxcury is found in the native state, but it occurs more 
commonly in combination with sulphur as cinnabar. From 
this ore the mercury of commerce may be extracted by heat« 
ing it with lime or iron filings, by which means the mercury 
is volatilized and the sulphur retained. As prepared on a large 
scale it is usually mixed in small quantity with other metals, 
from which it may be purified by cautious distillation. 

Mercury is‘distinguished from all other metals by being 
fluid at common temperatures. It has a tin-white colour and 
strong metallic lustre. It becomes solid at a temperature which 
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is 89 or 40 degrees below Zero of Fahr., and in congealing, 
evinces a strong tendeney to crystallize in octahedrons. It 
‘contracts greatly at the moment of congelation ; for while its 
density at 47° EF. is 13.545, the specific gravity of frozen mer- 
cury is 15.612. When solid it is malleable, and may be cut 
with a knife. At 660° F. or near that degree, it enters into 
ebullition, and condenses again on cool surfaces into metallic 
globules. ° 

Mercury, if quite pure, is not tarnished in the cold by ex- 
posure to air and moisture ; but if it contain other metals, the 
amalgam of those metals oxidizes readily, and collects as a 
film upon its surface. Mercury is said to be oxidized by long 
agitation in a bottle half full of air, and the oxide so formed 
was called by Boerhaave Kthions per se ; but it is very pro- 
bable that the oxidation of mercury observed under these cir- 
cumstances was solely owing to the presence of other metals. 
When mercury is exposed to air or oxygen gas, while in the 
form of vapour, it slowly absorbs oxygen, and is converted 
ito the peroxide of mercury. 

The only acids that act on mercury are the sulphuric and 
nitric acids. . The former has no action whatever in the 
cold; but on the application of heat, the mercury is oxi- 
dized at the expense of the acid, pure sulphurous acid gas is 
disengaged, and a sulphate of mercury is generated. (Page , 
214.) Nitric acid acts energetically upon mercury both with 
and without the aid of heat, oxidizing and dissolving it with 
evolution of the peroxide of nitrogen. 


OXIDES OF MRRCURY. 


Mercury is susceptible of two stages of oxidation, and both 
its oxides are capable of forming salts with acids. It appears 
from the researches of Donovan* and Sefstrom,+ whose re- 
sults are confirmed by the experiments of Dr. Thomson, that 
these oxides are formed in the following proportions :— 


Mercury. Oxygen. 
Protoxide . 200 , 8 = 208 


Peroxide Be OED i einny 16 216. 


_# Annals of Philosophy, vol. xiv. + Ibid. vol, iii. p. 355. 
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Protowide.—The protoxide of mercury, which is a black 
powder, insoluble in water, is best prepared by the process re- 
commended by Donovan. This consists in mixing calomel 
briskly in a mortar with pure potassa in excess, so as to effect 
its decomposition as rapidly as possible. The protoxide is 
then to be washed with cold water, and dried spontaneously 
in a dark place. ‘These precautions are rendered necessary 
by the tendency of the protoxide to resolve itself into the per- 
oxide and metallic mercury, a change which is easily effected 
by heat, by the direct solar rays, and even by day-light. It 
is on this account very difficult to procure the protoxide of 
mercury in a state of absolute purity. : 

This oxide is precipitated from its salts, of which the _ni- 
trate is the most interesting, as the black protoxide by pure 
alkalies ; asa white carbonate, which soon becomes dark from 
the loss of carbonic acid, by alkaline carbonates; as calomel 
by muriatie acid or any soluble muriate ; and as the black pro- 
tosulphuret by sulphuretted hydrogen. Of these tests, the ac- 
tion of muriatic acid is the most characteristic. The oxide 
is reduced. to the metallic state by copper, phosphorous acid, 
or protomuriate of tin. 

Peroxide.—This oxide may be formed either by the com- 
bined agency of heat and air, as already mentioned, or by 
dissolving mercury in nitric acid, and exposing the nitrate so 
formed to a temperature just sufficient for expelling the whole 
of the nitric acid. It is commonly known by the name of 
red precipitate. . 

The peroxide of mercury, thus prepared, is commonly in 
the form of shining crystalline scales of a red colour. It is 
soluble to asmall extent in water, forming a solution which 
has an acrid metallic taste, and communicates a green colour 
to the blue infusion of violets. When heated to redness, it 
is converted into metallic mercury and oxygen. Long expo- 
sure to light has a similar effect. (Guibourt.) 

Some of the neutral salts of this oxide, such as the nitrate 
and sulphate, are converted by water, especially‘at a boiling 
temperature, into insoluble yellow sub-salts, and into soluble 
colourless per-salts. The oxide is separated from all acids as 
a red, or when hydratic as a yeliow precipitate, by the pure 
and carbonated fixed alkalies. Ammonia and its carbonate. 


434 MERCURY: 


cause a white precipitate, which is a double salt, consisting’ of 
one atom of the acid, one atom of the peroxide, and one atom 
of ammonia. Sulphuretted hydrogen, phosphorous acid,, and 
protomuriate of tin, reduce the peroxide into the protoxide ; 
and when added in larger quantity the first throws down a 
black sulphuret, and the two latter metallic mercury. The 
oxide is readily reduced by insertion of a rod-of copper. 


* 
P 


CHLORIDES OF MERCURY. 


Mercury unites with chlorine in two proportions; and the 
researches of Sir H. Davy and Mr. Chenevix leave no doubt 
that these compounds are analogous in composition. to the 
oxides of mercury, that is, are composed of 


Mercury. Chlorine. 
Protochloride 200 36 = 236 
Bichloride . 200 site = 272 


Bichloride——When mercury is heated in chlorine gas, it 
takes fire, and burns with a pale red flame, forming the well- 
known medicinal preparation and virulent poison corrosive 
sublimate or bichloride of mercury. It is prepared for medi- 
cal purposes by subliming a mixture of the bisulphate of the 
peroxide of mercury, with the chloride of sodium or sea-salt. 
The exact quantities required for mutual decomposition are 
296 parts or one atom of the bisulphate, to rg parts or two 
atoms of the chloride. Thus, 


Two atoms of the chloride 
_ of sodium consist of 
22 or two atoms of chlorine. 
48 or two atoms of sodium. 


One atom of the bisulphate 
of mercury consists of 


Sulphuric acid 80 or two atoms. 


Peroxide of mercury 216 or one atom. 


296 
and the products are, 


One atom of the bichloride of 
mercury consisting of 
Mercury . 200 or one atom. 
Chlorine . 72 or two atoms. 


272 


— 


120 


Two atoms of the sulphate 
of soda consisting of 
Sulphuric acid 80 or two atoms. 
Soda ‘ 64 or two atoms. 


144 
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The bichloride of mercury, when obtaitied by sublimation, 
i§ a semi-transparent colourless substance, of a'crystalline tex- 
ture. It has an acrid, burning’ taste, and leaves a nauseous 
metallic flavour on the tongue. Its specific gravity is 5.2. It 
sublimes at a red heat without change. It requires twenty 
times its weight of-cold, and only twice its weight of boiling 
water for solution, and is deposited from the latter, as it cools, 
in the form of prismatic crystals, Strong alcohol and ether 
dissolve it in the same proportion as boiling water; and it is 
soluble in ‘half its weight of concentrated muriatic acid at the 
temperature of '70° Fah. With the muriates of ammonia, 
potassa, soda, and several other bases, it enters into combina- 
tion, forming double salts, which are more soluble than the 
chloride itself. 

The chloride of mercury is siti converted at the mo- 
ment of being dissolved into a muriate of the pastoxide ; ; at 
least this view may safely be admitted, since alkalies and 
other reagents act upon it precisely in the same manner as 
on other per-salts of mercury. Its aqueous solution is gra- 
dually decomposed by light, calomel being deposited. 

The presence of mercury in a fluid supposed to contain 
corrosive sublimate may be detected by concentrating and 
digesting it with an excess of pure potassa. The oxide of 
mercury, which subsides, is then sublimed in a small elass 
tube by means of a spirit-lamp, and obtained in the form of 
metallic globules. Dr. Christison informs me that this and 
other processes recommended by medical jurists for the de- 
tection of corrosive sublimate in mixed fluids, are not alto- 
gether satisfactory. He is at present engaged in an inquiry 
on the subject, and will soon make known the result of his 
researches. “ 

A very elegant method of detecting the presence of mer- 
cury is to jilade a drop of the suspected liquid on polished 
gold, and to touch the moistened surface with a piece 
of iron wire or the point of a pen-knife, when the part touch- 
ed instantly becomes white, owing to the formation of an 
amalgam of gold. | This process was originally suggested by 
Mr. Sylvester, and has since been simplified by Dr. Paris. 
(Medical Jurisprudence, by Paris and Fonblanque.) , 

Many animal and vegetable solutions convert the bichloride 


of mercury into calomel, a portion of muriatic acid being set 
2F 
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free at the same time. Some substances effect this change 
slowly, while others, and especially albumen, produce it 
in an instant. Thus when a solution of corrosive subli- 
mate is mixed with albumen, a white flocculent precipitate 
subsides, which M. Orfila has shown to be a compound of 
calomel and albumen, and which he has proved experiment- 
ally to be inert. (Toxicologie, vol. i.) Consequently, a so-« 
lution of the white of eggs is an antidote to poisoning by cor- 
rosive sublimate. 

Protochloride.—T he protochloride of mercury, or calomel, 
is always generated when chlorine comes in contact with mer- 
cury at common temperatures. It may be made by precipi- 
tation, by mixing muriatic acid or any soluble muriate with a 
solution of the protonitrate of mercury. Itis more common- 
ly prepared by sublimation. This is conveniently done by 
mixing 272 parts or one atom of the bichloride with 200 parts 
or one atom of mercury, until the metallic globules entirely 
disappear, and then subliming. When first prepared it is al- 
ways mixed with some corrosive sublimate, and therefore it 
should be reduced to powder and well washed before being 
employed for chemical or medical purposes. 

The protochloride of mercury is a rare mineral production, 
ealled horn quicksilver, which occurs crystallized in quadran- 
gular prisms, terminated by pyramids. When obtained by 
sublimation it is in semi-transparent crystalline cakes ; but as 
formed by precipitation, it is a white powder. Its density is 
7.2. It is distinguished from the bichloride by not being poi- 
sonous, by having no taste, and by being exceedingly inso- 
luble in water. Acids have little effect upon it; but pure al- 
kalies decompose it, separating the black protoxide of - mer- 
eury and uniting with muriatic acid,—products which neces- 
sarily imply the decomposition of water. When calomel is 
boiled in a solution of the muriate of ammonia, it is convert- 
ed into corrosive sublimate and metallic mercury. _Muriate 
of soda. has a similar effect, though in a less degree. | 

Iodides of Mercury.—T he protiodide is formed by mixing 
a solution of the protonitrate of mercury with the hydriodate 
of potassa ; and the deutiodide. by the action of the same hy- 
driodate on any per-salt of mercury. _ The former is yellow, 
and is composed of one atom of iodine and one atom of mer- 
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ciiry; The other is of an exceedingly rich red colour, and 
may be used with advantage in painting. It contains twice 
as much iodine as the yellow iodide. Both these compounds 
are insoluble in pure water, but are dissolved by a solution 
of the hydriodate of potassa. 

Cyanuret of Mercury.—This compound is best prepared 
by boiling, in any convenient quantity of water, eight parts of 
finely levigated ferrocyanate of the peroxide of iron, quite 
pure and well dried on a sand bath, with eleven parts of the 
peroxide of mercury in powder, until the blue colour of the 
ferrocyanate entirely disappears. A colourless solution is 
formed, which, when filtered and concentrated by evapora- 
tion, yields crystals of the cyapuret of mercury in the form of 
quadrangular prisms. In this process, the oxygen of the oxide 
of mercury unites with the iron and hydrogen of the ferro- 
cyanic acid ; while the metallic mercury enters into combina- 
tion with the cyanogen. ‘The brown insoluble matter is per- 
oxide of iron. Pure ferrocyanate of iron 1s easily procured 
by digesting the common Prussian blue of commerce with 
muriatic acid diluted with ten parts of water, so as to remove 
the subsulphate of iron and alumina which it commonly con- 
tains, and then edulcorating the insoluble ferrocyanate till the 
free acid is removed. (Edinburgh Journal of Science, No. x.) 

- The cyanuret of mercury, when pure, is colourless and in- 
odorous, has a very disagreeable metallic taste, and is highly, 
poisonous. It does not affect the colour of litmus or turmeric 
paper. When strongly heated it is converted into cyanogen 
and metallic mercury. (Page 302.) It is more soluble in hot 
than in cold water, and dissolves in that liquid without change. 
The solution has not the characteristic odour of the salts of 
hydrocyanic acid, (page 305,) nor do alkalies throw down 
the oxide of mercury. It is composed of 200 parts or one 
atom of mercury, and 52 parts or two atoms of cyanogen. 

Sulphurets of Mercury.—The protosulphuret of mercury 
may be prepared by transmitting a current of sulphuretted 
hydrogen gas through a dilute solution of the protonitrate of 
mercury, or through water in which calomel is suspended, 
It is a black-coloured substance, convertible into the sulphate 
of mercury by digestion in strong nitric acid. When ex- 
posed to heat it is resolved into the bisulphuret and metallic 
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mercury. It is composed of 200 parts or one atom of mét’ 
cury, and 16 parts or one atom of sulphur. 

The bisulphuret is formed by fusing sulphur with about 
six times its weight of mercury, and subliming in close ves- 
sels, When procured by this process it has a red colour, and 
is known by the name of factitious cinnabar. Its tint is greatly 
improved: by being reduced to powder, in which state it forms 
the beautiful pigment vermilion. It may be obtained in the 
moist way by pouring a solution of corrosive sublimate into an 
excess of hydrosulphuret of ammonia. A black precipitate 
subsides, which acquires the usual red colour of cinnabar when 
sublimed. I apprehend the black precipitate formed by the 
action of sulphuretted hydrogen on the cyanuret of mercury, 
is likewise a bisulphuret. Cinnabar, as already mentioned, 
occurs native. 

When equal parts of sulphur and mercury are triturated 
together until metallic globules cease to be visible, the dark co- 
loured mass called Kthiops mineral results, which Mr. Brande 
has proved to be a mixture of sulphur and the bisulphuret of 
mercury. (Journal of Science, vol. xvii. p. 294.) 

Cinnabar is not attacked by alkalies, or any simple acid ; 
but it is dissolved by the nitro-muriatic acid, with formation 
of sulphuric acid and the oxide of mercury. M. Guibourt 
has shown that it is composed of one atom of mercury and 
two atoms of sulphur.* 


SECTION XXHI. 


SILVER. 


Tuts metal frequently occurs native in silver mines, botli 
massive and in octahedral or cubic crystals. It is also found 
in combination with several other metals, such as gold, anti- 
mony, copper, and arsenic, and with sulphur. 


* An, de Ch. et de Ph. yol. i, See also some very judicious observa- 
tions on the paper of M. Guibourt, by Mr. Brande, in the Journal of Science; 
Vol. xviii. p. 291. 
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Pure silver may be obtained for chemical purposes’ by 
placing a clean piece of copper ina solution of the nitrate of 
silver, washing the precipitated metal with pure water, and then 
digesting it in ammonia, in order to remove any adhering 
copper. It may also be prepared from the chloride of silver, 
either by exposing that compound mixed with’a pure or car- 
bonated alkali to a strong heat ina black-lead crucible, or by 
conducting over it a current of hydrogen gas when heated- ‘to 
redness in a tube of porcelain. 

Silver has the clearest white colour of all the metals, and 
is susceptible of receiving a lustre surpassed only by polished 
steel... In malleability and ductility it 1s inferior only to 
gold, and its tenacity is considerable.- It:is very soft when 
pure, so that it may be cut with a knife. Its density after 
being hammered is 10.51. At 20° or 22° of Wedgewaod’s 
pyrometer it fuses, 

Pure silver does not rust by exposure to air and moisture, 
nor is it oxidized by fusion in open vessels. It appears, in- 
deed, that a film of oxide is formed when melted silver-is ex- 
posed to a current of air or oxygen gas; but it spontaneous- 
Jy parts with the oxygen as it becomes solid. When silver 
in. the form. of. leaves or fine wire is intensely heated by 
means of electricity, galvanism, or the oxy-hydrogen blow- 
pipe, it burns with vivid. scintillations of a greenish white 
colour, 

The only pure acids that act on silver are the sulphuric 
and nitric acids, by both of which it is oxidized, forming 
with the first a sulphate, and. with the second a nitrate of 
silver. It is not attacked by sulphuric acid unless by the 
aid of heat. Nitric acid is its proper solvent, and forms with 
it a salt, which, in its fused state, is known by the name of 
lunar caustic. 

Oxide of Silver —The oxide of silver is best procured by 
mixing a solution of pure baryta with nitrate of silver dissolv- 
ed in water... This oxide is of a brown colour, is insoluble 
in water, and is completely reduced by a red heat. Accord. 
ing to Sir H. Davy, it is composed of 110 parts of silver and 
8 parts of oxygen; and, therefore, regarding it as the reak 
protoxide,, 110 is the atomic weight of silver, . 
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The oxide of silver is separated from its solutions in nitric 
acid, by pure alkalies and alkaline earths, as the brown oxide, 
which is redissolved by ammonia in excess; by alkaline car- 
bonates as a white carbonate, which is soluble in an excess of 
the carbonate of ammonia; as a dark brown su!phuret by sul- 
phuretted hydrogen ; and as a white curdy chloride of silver, 
which is turned violet by light, and is very soluble in ammo- 
nia, by muriatic acid or any soluble muriate. By the last 
character, silver may be both distinguished and separated 
from other metallic bodies. 

Silver is precipitated in the metallic state by most other 
metals. When mercury is employed for this purpose, the 
silver assumes a beautiful arborescent appearance, called ar- 
bor Diane. A very good proportion for the experiment is 
twenty grains of lunar caustic to six drachms or an ounce of 
water. ‘The silver thus deposited always contains mercury. 

When the oxide of silver, recently precipitated by baryta 
or lime water, and separated from adhering moisture by bibu- 
lous paper, is left in contact for ten or twelve’ hours with a 
strong solution of ammonia, the greater part of it is dissolv- 
ed; but a black powder remains which detonates violently 
from heat or percussion. ‘This substance, which was disco- 
vered by Berthollet, (An. de Chimie, vol. i.) appears to be a 
compound of ammonia and oxide of silver; for the products 
of its detonation are metallic silver, water, and nitrogen gas. 
it should be made in very small quantity at a time, and 
dried spontaneously i in the air. 

On exposing a solution of the oxide of silver in ammonia 
to the air, its surface becomes covered with a pellicle, which 
Mr. Faraday considers to be an oxide containing less oxygen 
than that just described. This opinion he has made highly 
probable; but further experiments are requisite before the ex- 
istence of this oxide can be regarded as certain. 

Chloride of siloer.—This compound, which sometimes oc- 
curs native in silver mines, is always generated when silver is 
heated in chlorine gas, and may be prepared conveniently by 
mixing muriatic acid, or any soluble muriate, with a solution 
of the nitrate of silver. As formed by precipitation itis quite 
white; but by exposure to the direct solar rays it becomes 
violet, and almost black, in the course of a few minutes, anda 
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similar effect is slowly produced by diffused day-light. Mu- 
riatic acid is set free during this change, and, according to 
Berthollet, the dark colour is owing to a separation of the 
oxide of silver. (Statique Chimique, vol. i. p. 195.) 

The chloride of silver, sometimes called Jwna cornea or 
horn silver, is soluble in water, and is dissolved very spar- 
ingly by the strongest acids; but it is soluble in ammonia. 
Hyposulphurous acid likewise dissolves it. At a tempera- 
ture of about 500° F. it fuses, and forms a semitransparent 
horny mass on cooling. It bears any degree of heat, or even 
the combined action of pure charcoal and heat, without de- 
composition; but hydrogen gas decomposes it readily with 
formation of muriatic acid. According to the experiments of 
Berzelius and Dr. Thomson it is composed of 110 parts or 
one atom of silver, and 36 parts or one atom of chlorine, 

Iodide of Silver.—This compound is formed when the hy- 
driodate of potassa is mixed with a solution of the nitrate of 
silver. Itis of a greenish-yellow colour, is insoluble in wa- 
ter and ammonia, and contains one atom of each of its ele- 
ments. 

~ Cyanuret of silver is formed by mixing’ hydrocyanie acid 
with nitrate of silver.’ It is a white curdy substance, similar 
in appearance to the chloride of silver, insoluble in water and. 
mitric acid, and soluble in a solution of ammonia. It is de- 
composed by muriatic acid with formation of hydrocyanic 
acid and chloride of silver, 

Sulphuret of siloer.—Silver has a strong affinity for sul 
phur. This metal tarnishes rapidly when exposed to an at- 
mosphere containing sulphuretted hydrogen gas, owing to 
the formation of a sulphuret. On transmitting a current of 
sulphuretted hydrogen through a solution of lunar caustic, a 
dark brown precipitate subsides, which is a sulphuret of sil- 
ver. The silver glance of mineralogists is a similar compound, 
and the same sulphuret may be prepared by heating thin 
plates of silver with alternate layers of sulphur. 

The sulphuret of silver, according to the experiments of 
Berzelius, is a compound of 110 parts or one atom of silver, 
and 16 parts or one atom of sulphur, 


44.2 GOLD. 


SECTION XXIV. 


GOLD. 

_ Gop has hitherto been found only in the metallic state, 
either pure or in combination with other metals. It occurs 
massive, capillary, in grains, and crystallized in octahedrons_ 
and cubes, or their allied forms. It is sometimes found in 
primary mountains; but more frequently in alluyial deposi- 
tions, especially among sand in the beds of rivers, haying been 
washed by water out of disintegrated rocks in which it origi- 
nally existed. 

Gold is the only metal which has a yellow colour, a charac- 
ter by which it is distinguished from all other simple metallic 
bodies. It is capable of receiving a high lustre by polishing, 
but is inferior in brilliancy to steel, silver, and mercury. In 
ductility and malleability it exceeds all other metals; (page 
823) but it issurpassed by several in tenacity. Its density is 
19.3. When pure it is exceedingly soft and flexible. It 
fuses at 32° of Wedgewood’s pyrometer. 

Gold may be exposed for ages to air and moisture without _ 
change, nor is it oxidized by being kept in a state of fusion 
in open vessels.. When intensely ignited by means of elec-. 
tricity or the oxy-hydrogen blowpipe, it burns with a green- 
ish-blue flame, and is dissipated in the form of a purple pow- 
der, which is supposed to be an oxide. 

Gold is not oxidized or dissolved by any of the pure acids}; 
for it may be boiled even in nitric acid without undergoing, 
any change. Its only solvents are chlorine and nitro-muria- 
tic acid; and it appears from the observations of Sir H. 
Davy that chlorine is the agent in both cases, since the nitro, 
muriatic acid does not dissolve gold, except when it gives. 
rise to the formation of chlorine. (Page 243.) It is to be in- 
ferred, therefore, that the chlorine unites directly with the 
gold. Whether the resulting solution is really a chloride of 
the metal, or a muriate of its oxide, generated by the decom- 
position of water, is uncertain; but from some recent obser- 
vations of M. Pelietier, which will be mentioned immediate- 
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ly, I conceive the former, opinion to be, the more, probable. 
There is no inconvenience, however, in regarding it as a. mu- 
riate, because reagents act upon it.as if it were such. 

The most convenient method of forming a solution of gold, 
is to digest fragments of the metal in a mixture, composed of 
two measures of muriatic and one of nitric acid, until the acid 
is saturated. The orange-coloured solution is then evaporat- 
ed to dryness by a regulated heat, in order to expel the free 
acid without decomposing the residual chloride of gold. On 
adding water, the chloride is dissolved, forming a newéeal S0- 
lution of a reddish-brown colour, 

Oxides of gold.—The chemical history of the oxides af 
gold is as yet very imperfect. Berzelius is of opinion that ~ 
there are three oxides, His protoxide is obtained by decom- 
posing the protochloride of gold by a solution of pure potas- 
sa, and is of a dark green colour. ‘The deutoxide or purple 
oxide is the product of the combustion of gold. The compo- 
sition of these oxides has not yet been satisfactorily determin- 
ed, and the very existence of the first, though probable, may 
be questioned. The only well-known oxide is that which is 
supposed to exist in the solution of gold combined with mu- 
riatic acid. It may be prepared by mixing with a concen- 
trated neutral solution of gold a quantity of pure potassa ex. 
actly sufficient for combining with the muriatic acid. A red- 
dish-yellow coloured precipitate, the hydrous peroxide, sub- 
sides, which is rendered anhydrous by boiling, and assumes 
a brownish-black colour.* The best method of forming it, 
according to M. Pelletier, is by digesting the muriate with 
pure magnesia, washing the precipitate with water, and re- 
moving the excess of magnesia by dilute nitric acid. 

The peroxide of gold is yellow in thestate of hydrate, and 
nearly black when pure, is insoluble in water, and is com- 
pletely decomposed by solar light or ared heat. Muriatic acid 
dissolves it readily, yielding the common gold solution ; but 
it forms no definite compound with any acid which contains 
oxygen. It may indeed be dissolved by the nitric and sul. 
phuric acids; but the affinity is so slight that the oxide is 
precipitated by the addition of water. It combines, on the 


* M. Pelletier in the An, de Ch. et de Ph. vol. xv. 
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contrary, with alkaline bases, such as potassa and baryta, ap- 
parently forming regular salts, in which it acts the part of a 
weak acid. ‘These circumstances have induced M. Pelletier 
to deny that the peroxide is a salifiable base, and to contend 
that the muriatic solution of gold is in reality a chloride of 
the metal. On this supposition he proposes the term auwric 
acid for the peroxide of gold, and to its compounds with al- 
kalies he gives the denomination of aurates. 

The peroxide of gold is thrown down of a yellow colour by 
ammonia, and the precipitate is an aurate of that alkali. It 
isa highly detonating compound analogous to the fulminating 
silver described in the last section. 

As chemists are but imperfectly acquainted with the num- 
ber and composition of the oxides of gold, it is at present im- 
possible to determine the atomic weight of this metal in a sa- 
tisfactory manner. According to Berzelius,* 100 parts of 
gold unite with 12.077, according to Oberkampf+ with 10.01, 
and according to Pelletier with 10.03 parts of oxygen to con- 
stitute the peroxide. M. Javal{ has more recently analyzed 
the oxide of gold, and finds that the proportion stated by 
Berzelius is very near the truth. If we adopt the numbers 
given by this chemist, and regard the peroxide as containing 
three atoms of oxygen, 200 will be the atomic weight of gold, 
and 224 the equivalent of its oxide. This view is supported 
by the result of the experiments of Dr. Thomson. (First 
Principles, vol. 1.) 

Chlorides of gold.—On concentrating the solution of gold 
to a sufficient extent by evaporation, the perchloride may 
be obtained in red prismatic crystals, which become brown 
when brought to perfect dryness. It deliquesces on expo- 
sure to the air, and is dissolved readily by water without 
residue. At a temperature far below that of redness, it is 
converted, with evolution of two-thirds of its chlorine, into 
the yellow insoluble protochloride, from which the chloride 
is entirely expelled by a red heat. This protochloride is 
converted, by being boiled in water, into the bh perchlo- 


ride and metallic gold. 


* An. de Ch. vol. lxxxili. + Ibid Ixxx. 
* An. de Ch. et de Ph. yol. xyii. 
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The composition of the chlorides of gold was investigated 
by Berzelius and Pelletier; but the results of their analy- 
ses are so very discordant, that no satisfactory conclusion can 
be drawn from them, 

The solution of gold 1s decomposed by substances which 
have a strong affinity for oxygen. On adding to it the pro- 
tosulphate of iron dissolved in water, the iron is oxidized to 
a maximum, and a copious brown precipitate subsides, which 
is metallic gold in a state of very minute division.—This pre- 
eipitate, when duly washed with dilute muriatic acid, in order 
to’ separate adhering iron, is gold in a state of perfect purity. 
A similar reduction is effected by most of the metals, and by 
sulphurous and phosphorous acids. When a piece of char- 
coal is immersed in the solution of gold, and exposed to the 
direct solar rays, its surface acquires a coating of metallicgold; 
and ribands may be gilded by moistening them with a dilute 
solution of gold, and exposing them to a current of hydrogen 
or phosphuretted hydrogen gas, When a strong aqueous 
solution of gold is shaken im a phial with an equal volume of 
pure ether, two fluids result, the lighter of which is an ethe. 
real solution of gold. From this liquid flakes of metal are 
deposited on standing, especially by exposure to light, and 
substances moistened with it receive a coating of metallic 
gold.* 

- When the protomuriate of tin is added to a dilute aqueous 
solution of gold, a purple-coloured precipitate, called the pur- 
ple of Cassius, is thrown down, which is the substance employ- 
ed in painting on porcelain for giving a pink colour. It ap- 
pears to be a compound of the protoxide of tin and the pur- 
ple oxide of gold, in which the former is supposed to act as 
an acid. 

Sulphuret of gold.—On transmitting a current of sulphur- 
etted hydrogen gas through a solutidts of gold, a black pre- 
cipitate is formed, which is a sulphuret. It is resolved by a 
red heat into gold and sulphur, and appears from the analy- 
sis of Oberkampf to be composed of 200 parts or one atom 
of gold, and 48 parts or three atoms of sulphur. 

* With respect to the revival of gold from its solutions, the reader may . 


consult an Essay on Combustion, by Mrs. Fulhame, and a paper by Count 
Rumford in the Philosophical Transactions for 1798, 
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The compounds of gold with the other non-metallic bodies 
have been little examined. : 
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PLATINUM. 


Tus valuable metal occurs only in the metallic state, asso. 
ciated or combined with various other metals, such. as cop- 
per, iron, lead, gold, silver, palladium, rhodium, osmium, 
and iridium. It has hitherto been found chiefly in Brazil, 
Peru, and other parts. of South America, in the form of 
rounded or flattened grains of a metallic lustre and white co-, 
lour, mixed with sand and other a!luvial depositions. Within 
these few months, however, M. Boussingault has discovered 
it in a syenitic rock in the province of Antioquia in North 
America, where it occurs in veins associated with gold. Rich 
mines of gold and platinum have also been recently discover- 
ed.in the Uralian mountains. (Edinburgh Journal of Sci- 
ence, No. x.) 

Pure platinum has a white colour very much like. silver, 
but of inferior lustre. It is the heaviest of known metals, its 
density being about 21.5. Its malleability is considerable, 
though far less than that of gold and silver. It may be drawn 
into wires, the diameter of which does not exceed the 2000th 
part of an inch. It is a soft metal, and, like iron, admits of 
being welded at a high temperature. Dr. Wollaston has. ob-, 
served that it is a less perfect conductor of caloric than most, 
other metals. 

Platinum undergoes no change from the combined agency 
of air and moisture ; and it may be exposed to the strongest 3 
heat of a smith’s forge without suffering either oxidation or., 
fusion. On heating a small wire of it by means of galvanism 
or the oxy-hydrogen blowpipe, it is fused, and afterwards. 
burns with the emission of sparks. ‘The late Mr. Smithson, 
‘Tennant showed that it is oxidized when ignited with nitre ; 
(Philos. Trans, for 1797 ;) and a similar effect is occasioned 
by pure potassa and lithia, 


~ 
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~ Platinum is ‘not attacked by any of the puré acids. Its 
only solvents are chlorine and nitro-muriatic acid, which act 
upon it with greater difficulty than on gold. The resulting 
orange-red coloured liquid, from which the excess of acid 
should be expelled by cautious evaporation, may be regarded 
as containing either the chloride of platinum, or the muriate 
of its oxide. 4 | 

Oxides of platinim.— According to Berzelius there are two 
oxides of platinum, the oxygen of which is in the ratio of 1 
to 2.* 'The protoxide is prepared by the action of potassa ‘on 
the protochloride of platinum. It is of a black colour, is re- 
duced by a red heat, and is composed of 96.5 parts of plati- 
num, and 8 parts of oxygen. Now, Dr. Thomson infers from 
his researches, that 96 is the atomic weight of platinum, from 
which it is probable that the two oxides of Berzelitis are thus 
constituted :— 


- Platinum. ~ Oxygem 


Protoxide . 96 : t 8 


Peroxide . 96 ‘ i - 16: 


The peroxide has not hitherto been obtained in a perfectly: 
pure state. Berzelius supposes it to exist in the muriate of 
platinum combined with muriatic acid; and Dr. Thomson 
states that it is contained in the sulphate of platinum. 

Another oxide was described by Mr. E. Davy in the Phi- 
losophical ‘Transactions for 16820. It is of a.gray colour, and 
is prepared by heating fulminating platinum with nitrous acid. 
It appears from his analysis to be composed of 96 parts or dne 
atom of platinum, and 12 parts or an atom and a half of oxy- 
gen. Mr. Cooper has likewise described an oxide of  plati+ 
num; but its existence as a definite compound distinct from: 
those above described has not, I conceive, been a 
demonstrated. 

Chlorides of Platinum.—The perchloride is procured re 
evaporating the muriate of platinum to dryness at a gentle 
heat. It is deliquescent, and is soluble both in water, alco- 


* Ann. de Chem. vol. xxxviii. 
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hol, and ether. The ethereal solution is decomposed by tlie 
agency of light, metallic platinum being deposited. It is 
probable from the analysis of the double chloride of potassium 
and platinum by Dr. ‘Thomson and Berzelius, that the per- 
chloride of platinum is composed of 96 parts or one atom of 
metal to 72 parts or two atoms of chlorine; but this inference 
requires confirmation. . 

When the perchloride is strongly heated, it parts with 
some of its chlorine, and is converted into a protochloride, 
which is resolved by a red heat into platinum and chlorine. 

Platinum is distinguished from all other substances by the 
following circumstances. When pure potassa or a salt of po- 
tassa is added to a concentrated solution of platinum, a yel- 
low crystalline precipitate subsides, which is very sparingly 
soluble in water. When heated to full redness chlorine gas 
is disengaged, and the residue consists of metallic platinum 
and the chloride of potassium. According to the analysis of 
Thomson it is composed of 


Bichloride of Platinum : 168 or one atom. 
Chloride of Potassium y 76 or one atom. 


Ammonia or its salts produce a similar precipitate, which: 
is composed posyiowe 2 to Dr. Thomson of 


Bichloride of Platinum 4 168 or one atom. 
Muriate of Ammonia i 54 or one atom. 


When this compound, which is generally called the mz- 
riate of platinum and ammonia, is heated. to redness, chlo- 
rine and muriate of ammonia are evolved, and pure platinum 
remains in the form of a delicate spongy mass, the power of 
which in kindling an explosive mixture of oxygen and. hy- 
drogen gases has already{been mentioned. (Page 158.) This 
salt affords an easy method of procuring platinum in a metal- 
lic state and of separating it from other metals. 

Soda forms with muriate of platinum a double salt, which 
is soluble in water and alcohol, and crystallizes in flattened, 
oblique, four-sided prisms of an orange-red colour. According 
to Dr. Thomson it is a compound of one atom of the bichlo- 
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ride of platinum, one atom of the chloride of sodium, and. 
eight atoms of water. 

Sulphuret of Platinum.—When sulphuretted hydrogen gas 
is transmitted through a solution of the muriate of platinum,, 
a black precipitate is thrown down, which Vauquelin regards 
as a hydrosulphuret of the oxide of platinum. It absorbs 
oxygen from the air while in a moist state, giving rise to the 
formation of sulphuric acid, Its composition has not been 
determined with accuracy. 

A black sulphuret of platinum was procured by Mr. E. 
Davy by heating the metal with sulphur, and Vauquelin ob- 
tained a similar compound by igniting the yellow muriate of 
platinum and ammonia with twice its weight of sulphur: Ac- 
cording to the analysis of these chemists, it contains about 16 
per cent of sulphur. 

The hydrosu]phuret of platinum is converted by the action 
of nitric acid into a sulphate which possesses remarkable pro- 
perties. Qn boiling it in strong alcohol, a black powder is 
precipitated, which consists, according to Mr. E. Davy, of 
96 per cent of platinum, together with a little oxygen, nitrous 
acid, and carbon, the last of which is supposed to be acci- 
dental. When this powder is placed on bibulous paper mois- 
tened with alcohol, a strong action accompanied with a hiss- 
ing noise ensues, and the powder becomes red-hot, and con- 
tinues so until the alcohol is consumed. ‘The substance which 
remains is pure platinum. 

Fulminating platinum may be prepared by the action of 
ammonia in slight excess on a solution of the sulphate of plati- 
num. (E.Davy.) It is analogous to the detonating compounds 
which ammonia forms with the oxides of gold and silver, 


SECTION XXVI. 


PALLADIUM. RHODIUM. OSMIUM. IRIDIUM. 


Tan four metals to be eteiiect, in thas section are all con- 
tained in the ore of platinum, and haye hitherto been procur- 
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éd in very small quantity. When the ore i8 digested in nitro- 
muriatic acid, the platinum, together with palladium, rho- 
dium, iron, copper, and lead, is dissolved ; while a black pow- 
der is left consisting of osmium and iridium. 


PALLADIUM. 


This metal was discovered in 1803 by Dr. Wollaston.* 
On adding cyanuret of mercury dissolved in water to a neu- 
tral solution of the ore of platinum, either before or after the 
separation of that metal by muriate of ammonia, a yellowish- 
white flocculent precipitate is gradually deposited, which is 
a cyanuret of palladium. When this compound ‘is heated 
to redness, the cyanogen is expelled, and pure palladium re- 
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Palladium resembles platinum in colour and lustre. It is 
both malleable and ductile, and considerably harder than 
platinum. Its specific gravity varies from 11.3 to 11.8. 
(Wollaston.) In fusibility it is intermediate between gold and 
platinum, and it is dissipated in sparks when intensely heat- 
ed by the oxy-hydrogen blow-pipe. 
~ Palladium is oxidized and dissolved by nitric acid, and 
even the sulphuric and muriatic acids act upon it by the aid. 
of heat; but its proper solvent is the nitro-muriatic acid. Its 
oxide forms beautiful red-coloured salts, from which metallic 
palladium is preci pitated by the protosulphate of iron and by 
all the metals described in the foregoing sections, excepting 
aver; gold, and platinum. . 

The oxide of palladium is precipitated by pure potassa, as 
an orange-coloured hydrate, which becomes black when dried, 
and is decomposed by a red heat. It consists, according to 
Berzelius, of nearly 56 parts of palladium and 8 parts of 
oxygen; so that 56 is most probably the atomic weight of 
the metal itself, and 64 the equivalent of its oxide. 


RHODIUM. 


This metal was discovered by Dr. Wollaston at the time 
he was occupied with the discovery of palladium. On im- 


“ Philosophical Transactions for 1804 and 1805. 
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mersing a) thin plate of clean iron into the solution.from which 
palladium and the:greater part of the platinum have been pre- 
cipitated, the rhodium together with small quantities of pla- 
tinum, copper, and lead, is thrown down in the metallic 
state; and on digesting the precipitate in dilute nitric acid, 
the two last metalsare removed. ‘The rhodium and platinum 
are thus dissolved by means’ of -nitro-muriatic acid, and the 
solution, after being mixed with some muriate of soda, is eva- 
porated to dryness,.. Two double salts result, the’ muriate of 
platinum and soda, and the muriate of rhodium and soda, the 
former of which is soluble and the latter insoluble in alco. 
hol, and may therefore be separated from one another by that 
menstruum., The salt of rhodium is then dissolved in water, 
and: the pure rhodium precipitated by insertion of a rod of 
zinc. , | 
Rhodium, thus procured, is in the: form of a black pows 
der, which requires the strongest heat that can be produced 
in a wind furnace for fusion, and when fused has a white ‘co- 
Jour and metallic lustre. It is brittle, and its specific gravity 
is about 11. It is not attacked by any of the acids» when in 
its pure state ; but if alloyed with other metals, such as cop- 
per or lead, it is oxidized and dissolved by the nitro.muria- 
tic acid, a circumstance which accounts for its presence in the 
solution of crude platinum. It is oxidized: also by being ig- 
nited with nitre. Most of its salts are either red or yellow, 
and the muriate is of a rose-red colour, from which it has 
received the name of rhodiwm.*. | : 
The number deduced by Dr. Thomsonas the atomic weight 
of rhodium is 44; and its oxides, according to the same oe 
mist, are thus constituted :— 


Rhodium. Oxygen. 
Protoxide . 44 aA 
Peroxide ~ 44 | 16 


The protoxide is black, and the peroxide, which is the 
base of the salts of b BROUR is of a yellow colour... Berze- 


\ 
* From ‘gadev a rose. 
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son, has described a brown oxide; but it is as yet undeter- 
mined whether it is a distinct oxide or a mixture of the two 
others. 


IRIDIUM AND OSMIUM. 


These metals were discovered by the late Mr. Tennant in 
the year 1803,* and the discovery of iridium was made about 
the same time by M. Descotils in France. The black pow- 
der mentioned at the beginning of this section, is acompound 
of iridium and osmium, an alloy which Dr. Wollaston has 
detected in the form of flat white grains among fragments of 
crude platinum. From this alloy, which is quite insoluble in 
nitro-muriatic acid, Mr. Tennant prepared iridium and osmium 
in the following manner, The black powder mixed with» so- 
da was heated to redness in a silver crucible, and the residue, 
after removing the alkali by means of water, was digested in 
muriatic acid. In this way two solutions, one alkaline and 
the other acid, were procured, the former of a deep orange- 
colour, containing the oxide of osmium united with soda, and 
the latter, the muriate of iridium. From the refractory na- 
ture of the alloy, it is necessary to ignite with successive por- 
tions of soda before the whole of any given quantity of the 
_black powder is. oxidized. 

» Osmium. On neutralizing the alkaline liquid just described, 
pe heating it in a retort, the oxide of osmium, which is both 
volatile and soluble in water, passes over into the recipient, 
and is there dissolved in the fluid that accompanies it... The 
aqueous solution is colourless, and emits a pungent peculiar 
odour, somewhat like that of chlorine, a property which sug- 
gested the name of osmium.+ 'The oxide of osmium has not 
been procured free from water, nor has its composition been 
determined. ‘The infusion of gall-nuts is a delicate test of its 
presence, striking a purple colour which afterwards acquires 
a deep blue tint. 

The oxide of osmium is precipitated in the metallic state 
by nearly all the metals, excepting gold and platinum. On 
agitating it with mercury an amalgam is formed, which, when 


* Philosophical Transactions for 1804. ‘+ From ’ocum odour. 
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heated in close’ vessels, yields pure osmium, capable of sup- 
porting a white heat without being” volatilized’ or fused.’ If 
ignited in open vessels, it is oxidized ‘and is then dissipated in 
vapour. After exposure to heat 7 hebists the action of all the 
acids. 

- Iridium.» The solution bf the oxide a6 sciRUitin 3 in muria- 
tic acid, when first» prepared, is of a blue colour; but it after- 
wards becomes of an olive-green hue, and subsequently ac- 
quires a deep red tint. This diversity of colour, which gave 
origin to the name of iridium, is attributed to the metal pass- 
ing through different stages of oxidation, an opinion which is 
probable, though by no means established. Chemists, indeed, 

are as yet ignorant both of the number and composition of the 
oxides of iridium. 

The muriate of iridium, ane be phivéd of its excess of acid 
by heat, may be inefadr in crystals of a deep brown colour 
by evaporation. This salt is characterized by forming with 
water ared solution, which is rendered colourless by the pure 
alkalies or alkaline earths, by sulphuretted hydrogen, infu- 
sion of gall-nuts, or by the ferrocyanate of potassa. It is de- 
composed by nearly all the metals excepting gold and ‘plati- 
num, the iridium being thrown down in the metallic state. 
Iridium may likewise be procured from) the muriate by ex- 
posing that salt to a:red heat. | 

Iridium is the ‘most infusible metal known; but’ Mr. Chil- 
dren, by means of his large galvanic battery, succeeded in fus- 
ing it into a globule of a brilliant metallic Justre and white 

colour. Its specific gravity in this state is 18.68. It 1s at- ~~ 
tacked with great difficulty by \nitro-muriatic acid ; bet is 
oxidized when heated with nitre. 


SECTION XXVII. 
‘ON METALLIC COMBINATIONS. 


Havine completed the history of the individual metals, 
and of the compounds resulting from their union with the 
simple non-metallic bodies, I shail treat briefly in the present 
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section of the,combinations of the metals with one another. 
‘These compounds ‘are. called alloys; and to those.alloys of 
which mercury is a constituent, the term amalgam is applied. 

It is probable that each metal is capable of uniting in-one or 
more proportions with every other metal, and on this suppo- 
sition the number of alloys would be exceedingly numerous. 
This department! of chemistry, however, owing to its having 
been cultivated with less zeal: than most other branches of 
the science, 1s as yet limited, and our knowledge concerning 
it imperfect. On this account I shall mention those’ alloys 
only. to which some particular interest is attached. 

. Metals: do not combine with one another in their solid 
state, owing to the influence of chemical affinity being coun- 
teracted by the force of cohesion. It is necessary to liquefy 
at least one of them, in which case they always unite, pro- 
vided, their mutual attraction is energetic. Thus brass is 
formed when pieces of copper are put into melted zine; and 
gold unites with: mercury at common temperatures by mere 
contact. 

Metals appear to unite wiashy one another in every propor- 
tion, precisely in the same manner as sulphuric acid and wa- 
ter. Thus there is no limit to the number of alloys of gold 
and copper. It <is| certain, however, that metals have a ten-~ 
dency to combine in definite proportion ; for several atomic 
compounds: of this kind occur native. The crystallized 
amalgam of silver, for example, is composed, according to 
the analysis of Klaproth, of 64 parts of mercury and 36 of 
silver, numbers which are so nearly in the ratio of 200 to 
110, that there can be no doubt of the amalgam containing 
one atom of each of its elements. It is indeed possible that 
the variety of proportion is rather apparent than real, arising 
from the mixture of a few definite compounds with one an- 
other, or with uncombined metal, an opinion not only sug- 
gested by the mode in which alloys are prepared, but in some 
measure supported by observation. Thus on adding succes- 
sive small quantities of silver with mercury, a great variety 
of fluid amalgams are apparently produced ; but, in reality, 
the chief, if not the sole compound, is a solid amalgam, which 
is merely diffused throughout the fluid mass, and may be se- 
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parated by pressing the ores jai through a piece of 
thick leather. 

Alloys are analogous to ‘idiatia in their chief physical pro- 
perties.” They are opaque, possess the metallic lustre,’ ‘and 
are good conductors of electricity and caloric): They often 
differ materially im some respects from the elements of which 
they consist.» The colour of an alloy is sometimes different _ 
from that of its constituents, of which brass’ isa remarkable 
example. The hardness of a metal is in general increased 
by being alloyed, and for this reason its elasticity and sonor- 
ousness.are frequently improved.’ The malleability and duc- 
tility of metals, on the contrary, are usually impaired by 
combination.: Alloys formed: of two brittle metals are always 
brittle ; and an alloy composed of a ductile:and: a. brittle mes 
tal is generally brittle, especially if the latter predominate: 
An alloy of two ductile metals is sometimes brittle... 

The density of alloys is sometimes less, sometimes greater, 
than the mean density of the metals of which it is composed. 

The fusibility of metals is greatly increased by being. al- 
loyed., ‘Thus, pure platinum, which cannot be completely 
fused in the most intense heat of a wind — forms a very 
fusible alloy with arsenic. » 

‘The tendency of metals to unite with oxygen is dousiders : 
aii augmented by being alloyed. This effect is particulars 
ly conspicuous when dense metals are: liquefied by combina- 
tion with quicksilver, and is manifestly owing to the loss of 
their cohesive power... Lead and tin, for instance; when unit: 
ed with mercury, aresoon oxidized by exposure to the atmos: 
phere ; and even gold-and silver combine with: oxygen, when 
the amalgams of those metals are agitated: with air.) The 
oxidability of one metal in:an alloy appears 'in some instances 
to be increased in consequence of a galvanic action. Thus Mr. 
Faraday observed, that an alloy of ‘steel with 100th: of -its 
weight of platinum was dissolved with effervescence in dilute 
sulphuric acid, which: was so.weak that it scarcely acted: on 
common steel ;san:effect which he ascribes to the steel in the 
alloy being rendered positive by the presence of the platmmum. 
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AMALGAMS, 


Quicksilver unites with potassium when agitated in a glass 
tube with that metal, forming a solid amalgam. When the 
amalgam is put into water, the potassium is gradually oxidized, 
hydrogen gas is disengaged, and the mercury resumes its li- 
quid form. . A similar compound may be obtained with  sodi- 
um. These amalgams may also be procured by placing the 
negative wire in contact witha globule of mercury during the 
process of decomposing Bens and soda ” galvanism. (Page 
354.) 

A solid amalgam of tin is employed in making beanie 
glasses; and an amalgam made of one part of lead, one of tin, 
two of bismuth, and four parts of mercury, is used for silver- 
ing the inside of hollow glass globes. . This amalgam is solid 
at common temperatures; but is fused by a slight me of 
heat. | 

The amalgam of zinc hind tin, dead for promoting the ac- 
tion of the electrical machine, is made by fusing one part of 
zinc with one of tin, and then agitating the liquid mass with 
two parts of mercury placed in a.wooden box. Mercury 
evinces little disposition to unite with iron, and, on this ac- 
count, it is usually preserved in iron bottles, 

The amalgam of silver, as already mentioned, is a mineral 
production. . The process of separating silver from its ores by 
amalgamation, practised on a large scale.at Freyberg in Ger- 
many, is founded on the affinity of mercury for silver. On 
exposing the amalgam to heat, the salaries is volatilized, 
and pure silver remains. 

Gold unites with remarkable facility with mercury, form- 
ing a white-coloured compound. An amalgam composed of 
one part of gold to eight of mercury is employed in gilding 
brass. The brass, after being rubbed with the nitrate of 
mercury in order to give it a thin film:of quicksilver, is co- 

vered with the amalgam of gold, and then exposed to heat for 
the purpose of expelling the mercury. 
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ALLOYS OF ARSENIC, 


Arsenic has a tendency to render the metals, with which 
itis alloyed; both brittle and fusible. | It has the property of 


destroying the colour of gold and copper. An alloy of cop- | 


per, with a tenth part of arsenic, is so very similar in appear- 
ance to silver, that it has been substituted for it. ‘The white- 
ness of this alloy affords a rough mode of testing for arsenic ; 
for if arsenious acid and charcoal be heated between two 
plates of copper, a white stain afterwards appears upon its 
surface, owing to the formation of an arseniuret of copper.’ 
The presence of arsenic in iron has a very pernicious ef- 
fect ; for even though in a small proportion, ‘it Tenders the 
iron brittle, especially when heated. 7 
The alloy of tin and. arsenic is employed for forming ar- 
seniuretted hydrogen gas by the action of muriatic acid.. The 
tin of commerce sometimes contains a minute quantity of this 
alloy. : 
An alloy of yilasaieiurd with ten parts of arsenic is fusible 
at a heat a little above redness, and may. therefore be cast 
in moulds. On exposing the alloy to a gradually increasing 
temperature in open vessels, the arsenic is oxidized and ex- 
pelled, and the platinum recovers its purity and infusibility, 


ALLOYS OF TIN, LEAD, ANTIMONY, AND BISMUTH. 


Tin and lead unite readily when fused together. Equal 
parts of these metals constitute an alloy which is more fusi- 
ble than either separately, and is the common solder of the 
glaziers. 

Tin alloyed with small quantities of a copper, and 


bismuth, forms the best. kind of pewter. Inferior sorts con- | 


tain a.large proportion of lead. 

Tin, lead, and bismuth, form an alloy which is fused by 
a temperature below 212° Fahr. The best proportion, ac- 
cording to M. D’Arcet, is eight parts of bismuth, five of 
lead, and three of tin. 

An alloy of three parts of lead to one of antimony consti- 
tutes the substance of which types for printing are made, 
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'ALLOYS’OF COPPER, 


Copper forms with tin several valuable alloys, whicli are 
characterized by their sonorousness, Bronze is an alloy of 
‘copper with about eight or ten per cent of tin, together with 
small quantities of other metals which are not essential to the 
compound. Cannons are cast with an alloy of a similar kind. 

The best bell-metal is composed of 80 parts of zinc and 20 
of tin ;—the Indian gong, celebrated for the richness of its 
tones, contains copper and:tin in this proportion. A  spe« 
cimen of English bell-metal was found by Dr. Thomson to 
consist of 80 parts of copper, 10.1 of tin, 5.6 of zinc, and 4.3 
of lead. Lead and antimony, though in small quantity, have 
a remarkable effect in diminishing the elasticity and sonor- 
ousness of the compound. © The speculum-metal, with which 
mirrors for telescopes are made, consists of about two parts 
of copper and one of tin. The whiteness of the alloy is im- 
proved by the addition of a little arsenic. 

Copper and zinc unite in several proportions, forming al- 
loys of great importance in the arts. ‘The best brass consists 
of four parts of copper to one of zinc ; and when the latter 
is in a greater proportion, compounds are generated which 
are called Tombac, Dutch-gold, and Pinchbeck. The white 
copper of the Chinese is composed, according to the analysis 
of Dr. Fyfe, of 40.4 parts of copper, 25.4 of zinc, 31.6 of 
nickel, and 2.6 of iron. 

The art of tinning copper consists in covering that me- 
tal with a thin layer of tin, in order to protect its sur- 
face from rusting. For this purpose, pieces of tin are-plac- 
ed upon a well-polished sheet of copper, which is heated suf- . 
ficiently for fusing the tin. As soon as the tin liquefies, it 
is rubbed over the whole sheet of copper, and, if the process 
is skilfully conducted, adheres. uniformly to its surface... The 
oxidation of the tin, a‘circumstance which would entirely 
prevent the success of the operation, is avoided by employing 
fragments of resin or muriate of ammonia, and regulating the 
temperature with great care. ‘The two metals do not actu- 
ally combine with one another; but the adhesion is certainly 
owing to their mutual affinity—lIron, which has a weaker at- 
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traction than copper for tin, is tinned with) more difficulty 
be that metal. i 


ALLOYS OF STEEL. 


Messrs. Stodart and Faraday have succeeded in making 
some very important alloys of steel with other metals. (Philos. 
Trans. for 1822.) ‘Their experiments induced them to be- 
lieve that the celebrated Indian. steel, called wootz, is an 
alloy of steel with small quantities of siliclum and alumi- 
num ; and they succeeded in preparing a similar compound, 
possessed of all the properties of wootz. They ascertained _ 
that silver combines with steel, forming an alloy which, al- | 
though it contains only 1-500th of its weight of silver, is su- 
perior to wootz or the best cast steel in hardness. The alloy 
of steel with 100th part of platinum, though less hard than 
that with silver, possesses a greater degree of toughness, and 
is therefore highly valuable when tenacity as well as hardness 
is required. The alloy of steel with rhodium even exceeds 
the two former in hardness. The compound of steel with 
palladium, and of steel with iridium and osmium, is likewise 
exceedingly hard ; but these alloys cannot be applied to use- 
ful purposes, owing to the rarity of the metals of which they 
are composed. 


ALLOYS OF SILVER. 


Silver is capable of uniting with most other metals, and 
suffers greatly in malleability and ductility by their presence, 
It may contain a large quantity of copper without losing its 
white colour. The standard silver for coinage contains about ‘ 
1-13th part of copper, which increases its hardness, and thus 
renders it more fit for coins and many other purposes. 


ALLOYS OF GOLD. 


The presence of. other metals in gold has a remarkable ef- 
fect in impairing its malleability and ductility. The metals 
which possess this property in the greatest degree are bismuth, 
lead, antimony, and arsenic. Thus, when gold is alloyed 
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with 1-1920th part of its weight of lead, its malleability is 
surprisingly diminished. A very small proportion of copper 
has an inflence over the colour of gold, communicating to it 
a red tint, which becomes deeper as the quantity of copper 
increases. Pure gold, being too soft for coimage and many 
purposes in the arts, is always alloyed either with copper or 
an alloy of copper and silver, which increases the hardness of 
the gold without materially affecting its colour or tenacity, 
Gold coins contain about 1-12th of copper. 
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SALTS. 


GENERAL REMARKS ON SALTS. 


In the preceding pages I have been chiefly occupied with 
the description either of elementary principles, or of com- 
pounds immediately resulting from their union. The class 
of bodies which I am now to describe is of a different nature, 
being exclusively compounds derived from the combination 
of other compound bodies. 

By the term salt chemists mean a definite compound of an 
acid, and of an alkaline or salifiable base, both of which are 
in every case composed of at least two simple substances. 
Sulphate of potassa, for instance, is a salt, the acid of which 
consists of oxygen and sulphur, and the base of oxygen and 
potassium. <A different view may indeed be formed of the 
‘nature of a‘ salt. Thus, to employ the example already ad- 
duced, sulphate of potassa contains sulphur, oxygen, and 
potassium; and it may be thought that these three elements 
do. not exist in the salt as sulphuric acid and potassa, but are 
combined directly and indiscriminately with one another. 
But such an opinion is gratuitous and untenable. Sulphate 
‘of potassa is said to contain sulphuric acid and potassa, be- 
‘cause, in the first place, it is formed by the direct mixture of 
these two substances ; secondly, because the acid and the al- 
kali, after combination, may be separated and again procured 
in their original state by the agency of galvanism; and, 
thirdly, because no known affinity is in operation by which 
the tendency of potassium to constitute potassa with oxgyen, 
or of sulphur to form sulphuric acid with the same element, 
may be counteracted. It is probable, indeed, that all com- 
pounds consisting of three or more elementary principles, are 
composed of binary compounds united with one another. 

In studying the salts, it is important to set out with correct 
ideas concerning the nature of an acid and of an alkaline 
base, and I shall therefore make a few preliminary remarks 
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concerning the nature and characteristic properties of these 
two classes of compounds. 

An acid is commonly regarded as a substance which has 
a sour taste, reddens litmus paper, and neutralizes alkalies. 
But these properties, though very conspicuous in all the 
powerful acids, are not altogether general, and therefore can- 
not serve the purpose of a definition. Thus insoluble acids, 
owing to their insolubility, do not taste sour, nor redden lit- 
mus paper; and some bodies, such as carbonic acid. and sul- 
phuretted hydrogen, the title of which to be placed among. the 
acids cannot be called in, question, are unable to destroy the 
alkaline reaction of potassa. The. most correct definition of 
an acid with which I am acquainted is the following :—~an 
acid is a compound which is capable of uniting in. definite 
proportion with alkaline bases, and which, when liquid or in 
a state of solution, has either a sour taste, or reddens. litmus 
paper. ) , 

Most of the acids contain oxygen as one of their elements, a 
circumstance which induced Lavoisier to suppose that oxygen 
possesses some specific power of causing acidity, and for this 
reason he regarded it as the acidifying principle, \,'The ac- 
quisition of new facts, however, has shown the fallacy of, his 
opinion. Acids may and do exist which contain no. trace of 
oxygen, nor does its presence necessarily give, rise to acidity. 
The compounds of oxygen are frequently alkaline instead of 
acid ; and in many instances they are neither acid nor alkaline. 
No substance contains a larger proportional quantity of oxy- 
gen than water, and yet this fluid does not possess the slight- 
est degree of acidity... The progress of science, indeed, seems 
to justify the opinion that there is no body to which the term 
acidifying principle is strictly applicable... The acidity of any 
substance cannot be *eferred to one of its elements rather than 
the other; but is a new property peculiar to the compound, 
and to which each of its,constituents equally contributes... 

An alkali is characterized by a peculiar pungent. taste, by 
its alkaline reaction on vegetable colours, and. by neutraliz- 
ing acids. There are many. salifiable bases, however, which 
do not possess these characters. ‘Thus pure magnesia, though 
it is a strong alkaline base and forms neutral salts with acids, 
is insipid, and barely, produces an appreciable effect on. yel- 
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low turmeric paper,—an inaction obyiously owing to its inso- 
lubility. Some compounds neutralize the properties of acids 
in an imperfect manner, alihough they form perfect salts: 
For these ‘reasons it is desirable to define precisely what: is 
meant by a salifiable base, and. the following: definition ap- 
pears to me to answer the purpose.» Every compound may 
be regarded as an alkaline or salifiable base, which forms de- 
finite compounds with acids, and which, when liquid or in 
a state of solution, has an alkaline reaction.’ All alkaline 
bases, with the exception of ammonia and the Kane al- 
kalies; are metallic oxides.» 
I have already explained the bedlivubbltubodet the salts, 
(Page 98.) The insufficiency of the division into neutral; 
super, and sub-salts will be made apparent by the following 
remarks. In the first place, some alkaline bases form more 
than one super-salt, in which case two or more different salts 
would be included under the same name. Secondly, some salts 
have an acid reaction, and might therefore be denominated 
super-salts, although they do not contain an excess of acid, 
The nitrate of lead, for instance, has the property of red- 
dening litmus paper; whereas it consists of one atom of the 
oxide of lead and one atom of nitric acid, and therefore in 
composition is precisely analogous to the nitrate of potassa; 
whichis a neutral salt. ‘This fact’was noticed some years 
ago by Berzelius, who accounted for the circumstance in the 
following manner. The colour of litmus is naturally red, 
and:it is only rendered blue by the colouring matter combin- 
ing withan alkali. If an acid be added to the blue compound, 
the colouring matter 1s deprived of its alkali, and thus, being 
set free, resumes its red tint. Now on bringing litmus pa- 
per in contact with a salt, the acid and base of which have a 
weak attraction for each other, it is possible that the alkali 
contained in the litmus paper may have a stronger affinity 
for the acid of the salt than the base has with which it-was 
combined, and in that case, the alkali of the litmus being 
neutralized, its red colour would necessarily be restored.’ It 
is hence apparent that a salt may have an acid reaction with-> 
out having amexcess of acid. | 
As every acid, with few exceptions, is is capable of unititiy 
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with every alkaline base, and frequently in two or more pro- 
portions, it is manifest that the salts must constitute a very 
numerous class of bodies. _ It 1s necessary, on this account, to 
facilitate the study of them as much as possible by classifica- 
tion. ‘They may be conveniently arranged by placing toge- 
ther those salts which contain either the same salifiable base 
or the same acid. It is not very material which principle of 
arrangement is adopted; but I give the preference to the lat- 
ter, because, in describing the individual oxides, I have al- 
ready mentioned the characteristic features of their salts, and 
have thus anticipated the chief advantage that arises from 
the former mode of classification. I shall therefore divide 
the salts into groups, placing together those saline combina- 
tions which consist of the same acid, united with different sa- 
lifiable bases. The salts of each group, in consequence of 
containing the same acid, possess certain characters in com- 
mon by which they may all be distinguished; and, indeed, 
the description of many salts, to which no particular interest 
is attached, is sufficiently comprehended in that of its group, 
and may therefore be omitted. 

Nearly all salts are solid, and most of them assume crys- 
talline forms when their solutions are spontaneously evapor- 
ated. ) 
The colour of salts is very variable. ‘Those that are com- 
posed of a colourless base and acid are always colourless. 
There is no necessary connexion between the colour of an 
oxide or an acid and that of its salts. A salt, though form-: 
ed of a coloured oxide or acid, may be colourless ; and if it 
is coloured, the tint may differ from that of both its constitu- 
ents. . hh 
All soluble salts are more or less sapid, while those that 
are insoluble im water are insipid. Few salts are possessed of 
odour: the only one which is remarkable for this property: 
is the carbonate of ammonia. 

Salts differ remarkably in their affinity for water. Thus 
some. salts, such as the nitrates of lime and magnesia, are 
deliquescent, that is, attract moisture from the air and become 
liquid. Others, which have a less powerful attraction for 
water, undergo no change when the air is dry, but become 
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moist in a humid atmosphere; and others may be exposed 
without change to an atmosphere loaded with watery vapour. 

Salts differ likewise in the degree of solubility in water. 
Some dissolve in less than their weight of water; while 
others require several hundred times their weight of this li- 
quid for solution, and others are quite insoluble. This dif- 
ference depends on two circumstances, namely,on the degree 
of their affinity for water, and on their cohesion; their solubility 
being in direct ratio with the first, and in inverse ratio with the 
second. One salt may have a greater affinity for water than 
another, and: yet be less soluble ; an effect which may be pro- 
duced by the cohesive power of the salt, which has the 
stronger attraction for water, being greater than that of the 
salt which has a less powerful affinity for that liquid.. The 
method proposed by Gay-Lussac for estimating the relative 
degrees of affinity of salts for water, (An. de Ch. ]xxxii.) is 
by dissolving equal quantities of salts in equal quantities of 
water, and applying heat to the solutions. That salt which 
has the greatest affinity for the menstruum will retain it with 
most force, and will therefore require the highest pose 
ture for boiling. 

Salts which are soluble in water crystallize more or less re- 
gularly when their solutions are evaporated. If the evapora- 
tion is rendered rapid by heat, the salt is usually deposited 
in a confused crystalline mass ; but if it take place slowly, re- 
gular crystals are formed. The best mode of conducting the 
process, is to dissolve a salt in hot water, and, when it has 
become quite cold, to pour the saturated solution into an 
evaporating basin, which is to be set aside for several days 
or weeks without being moved. As the water evaporates, 
the salt assumes the solid form; and the slower the evapora- 
tion, the more regular are the crystals, Some salts which are — 
much more soluble in hot than in cold water, crystallize with 
considerable regularity when a boiling saturated solution is 
slowly cooled. The form which salts assume in crystallizing © 
is constant under the same circumstances, and constitutes an 
excellent character ‘by which they may be distinguished from 
one another. 

Many salts during the act of crystallizing unite chemical- 
ly with a definite portion of water, which forms an essential 
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part of the crystal, and is termed the water of crystallization: 
The quantity of combined water is very variable in different 
saline bodies, but is uniform in the same salt.. A salt may 
contain: more than half its weight of water, and yet be quite 
dry. On exposing a salt of this kind to heat, it is dissolved, if 
soluble, in its own water of crystallization, undergoing what is 
termed the watery fusion. By a strong heat, the whole of the 
water isexpelled ; for no salt can retain its water of crystalli- 
zation when heated to redness. Some salts, such as the 
sulphate and phosphate of soda, lose a portion of their water, 
and crumble down into a white powder, by mere exposure to 
the air, a change which is called efflorescence. 

Salts, in crystallizing, frequently inclose. mechanically 
within their texture particles. of water, by the expansion of 
which, when heated, the salt is burst with a crackling noise 
into smaller fragments. .'This phenomenon is known by the 
name of decrepitation. Berzelius has correctly remarked 
that those crystals decrepitate most powerfully, such. as. the 
nitrates of baryta and of lead, which contain no water of ee 
tallization. | 

The atmospheric pressure is said to have considerable in- 
fluence on the crystallization of salts. If, for example, a con- 
centrated solution, composed of about three parts of sulphate 
of soda in crystais to. two of water, is made to boil briskly, 
and.the flask which, contains it is then tightly corked, while 
its upper part is full of vapour, the solution will cool. down 
to. the temperature of the air without crystallizing, and 
may in that state be preserved for months without change. 
Before removal of the cork, the liquid may often be briskly 
agitated without losing its fluidity; but on re-admitting the 
air, crystallization commonly commences, and the whole be- 
comes solid in the course of a few seconds. The admission 
of the air sometimes, indeed, fails in causing the effect ; but 
it may be produced with certainty by agitation or the intro- 
duction of a solid body. The theory of this phenomenon is 
not very apparent. _Gay-Lussac has shown that it does not 
depend on atmospheric’ pressure ; (An. de Ch. vol. 1xxxvii.) 
for he finds that the solution may be cooled in open vessels 
without becoming solid, provided its surface be covered with 
a film of oil; and I have frequently sueceeded in the same 
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experiment without the use of oil, by causing the air of the 
flask to communicate with the atmosphere by means of a mo- 
derately narrow tube. 

The same quantity of water may Hold several different salts 
in solution, provided they do not mutually decompose each 
other. ‘The solvent power of water with respéct to one salt 
is, indeed, sometimes increased by the presence of another, 
‘owing to combination taking place between the two salts. 

Most salts produce cold during the act of dissolving in 
water, especially when they are dissolved rapidly and in 
large quantity. The greatest reduction of temperature is oc- 
casioned by those which contain water of crystallization. 

All salts are decomposed by Voltaic electricity, provided 
they are either moistened or in solution. The acid appears 
at the positive pole of the battery, and the oxide at its op- 
posite extremity ; or, if the oxide is of easy reduction, the 
metal itself goes over to the negative side, and its oxygen ac- 
companies the acid to the positive wire. 

The composition of salts is subject to the laws of chemical 
union, and, indeed, the study of these compounds by Wen- 
zel, Richter, and Berzelius, together with the facts ascer- 
tained by Dr. Wollaston and Dr. Thomson, tended material- 
ly to establish the doctrine of definite proportion. All sali- 
fiable bases, consisting of one atom of a metal and one atom 
of oxygen, are converted into neutral salts, that is, into salts 
without excess either of acid or of base, by uniting with one 
atom of an acid. (Page 124.) When a metal forms two 'sa- 
lifiable bases with oxygen, the peroxide manifests a tendency 
to unite with more acid than the protoxide, and Gay-Lussac 
has demonstrated the existence of the following law :—that the 
quantity of acid which the owides of the same metal require 

Sor saturation, is in the same ratio as the quantity of oxy- 
gen contained in their oxides. (Mémoires D’Arcueil, vol. 
ii.) Thus, while the protosulphate of iron contains one 
atom of each of its elements, the soluble per-sulphate is 
composed of one atom of the peroxide of iron, and one 
atom and a half of sulphuric acid. In like manner, the 
peroxides of mercury and copper are disposed to unite 
with two atoms or twice as much acid as would form a 
neutral salt with the protoxides of those metals. Hence, 
28 
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when, a peroxide unites with one atom of an acid, the pro- 
duct is commonly a sub-salt. 

The combination of salts with one another gives rise to 
compounds which were formerly called triple salts; but as 
the term double salt, proposed by Berzelius, gives a more 
correct idea of their nature and, constitution, I shall always 
employ it by preference, 'These salts may be composed either 
of one acid and two bases, or of two acids and one base, and 
most probably of two different acids and two different bases. 
Nearly all the double salts hitherto examined, consist of the 
same acid and two different bases. 


SECTION I. 


SULPHATES.—SULPHITES.—H YPOSULPHATES.—HYPO- 
SULPHITES. 
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_. Tur salts of sulphuric acid in solution may be detected by 
the muriate of baryta. A white precipitate, the sulphate of 
baryta, invariably subsides, which is insoluble in all the acids 
and alkalies, a character by which the presence of sulphuric 
acid, whether free or combined, may always be recognised. 
An insoluble sulphate, such as the sulphate of baryta or 
strontia, may be detected by mixing it, in fine powder, with 
three times its weight of the carbonate of potassa or soda, 
and exposing the mixture in a platinum crucible for half an 
hour to a red heat. . Double decomposition ensues; and on 
digesting the residue in water, filtering the solution, neutraliz- 
ing the free alkali by pure muriatic,. nitric, or acetic acid, 
ey adding the muriate of baryta, the insoluble rt of 
that base is precipitated. 

Several of the sulphates exist in nature, but the only ones 
which.are abundant are the sulphates. of lime and. baryta. 
All of them may be formed by the action of sulphuric acid on 
the metals themselves, . on the metallic oxides or their carbo- 
nates, or by way of double decomposition. | 
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~The solubility of the. sulphates. is very variable. . There 
are six only which may be regarded. as really insoluble ; 
namely, the sulphates of hogy, tim, antimony, bismuth, | 
lead, and mercury. ‘The sparingly soluble sulphates .are 
those of strontia, lime, zirconia, yttria, cerium, and silver, 
All the others are soluble in water. 

All the sulphates, those of. potassa, soda, ‘lithia, baryta, 
strontia, and lime excepted, are decomposed in a white heat. 
One part of the sulphuric acid of the decomposed sulphate 
escapes unchanged, and another portion is resolved into sul- 
phurous acid and oxygen. Those which are easily decom- 
posed by heat, such as the sulphate of iron, yield the largest 
quantity of undecomposed sulphuric acid. 

When a sulphate, mixed with carbonaceous matter, is ig- 
nited, the oxygen both of the acid and of the oxide, unites 
with carbon, carbonic acid is disengaged, and a metallic sul- 
phuret remains. A similar change is produced by hydrogen 
gas at a red heat, with formation of water, and frequently of 
some sulphuretted hydrogen. In some instances the hydro- 
gen entirely deprives the metal of its sulphur. 

The composition of the sulphates, so far as they are sub- 
ject to general laws, has already been described. (Page 144.) 

Sulphate of Potassa.—This salt is easily prepared artifi- 
oltilly by neutralizing the carbonate of potassa with sulphuric 
acid, and it is procured abundantly as a product of the ope- 
ration for preparing nitric acid. (Page 195.) Its. taste is sa- 
line and bitter. It crystallizes in six-sided prisms, bounded. 
by. pyramids with six sides. .'The crystals contain no water 
of crystallization, and suffer no change by exposure to, the 
air. They decrepitate when heated, and enter into fusion 
at ared heat. They require 16 times their weight of, water. 
at 60° F. and five of boiling water for solution. | 

The sulphate of potassa is composed. of 40. parts or one 
atom of sulphuric acid, to 48 parts or one atom of. potassa. 

The bisulphate of potassa, which contains twice as much. 
acid as the foregoing: salt, is easily formed. by digesting 88 
parts, or one atom of the neutral sulphate, with water contain- 
ing about 50 parts of concentrated sulphuric acid, and eva~ 
porating the solution. It has a strong sour taste, and reddens. 
litmus-paper. It is much more soluble than the neutral sulphate, 
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requiring for solution only twice its weight of water at 60° 
and less than an equal weight at 212° F. It is resolved by 
heat into sulphuric acid and the neutral sulphate. 

Sulphate of Soda.—The sulphate of soda, commonly call!- 
ed Glauber’s salt, is occasionally met with on the surface of 
the earth, and is frequently contained in mineral springs. It 
may be made by the direct action of sulphuric acid on the 
carbonate of soda; and it is procured in large quantity as a re- 
sidue in the processes for forming muriatic acid and chlorine. 
(Pages 235 and 242.) 

The sulphate of soda has a cooling, saline, and bitter taste. 
It forms four and six-sided prismatic crystals, which effloresce 
rapidly when exposed to the air, and, according to Berze- 
lius, are composed of 72 parts or one atom of the neutral 
sulphate, and 90 parts or ten atoms of water. The crystals 
readily undergo the watery fusion when heated, and dissolve 
in three times their weight of water at 60° Fahr. 

The bisulphate of soda may be formed in the same manner 
as the analogous salt of potassa. 

Sulphate of Lithia.—This salt is very soluble in water, 
fuses by heat more readily than the sulphates of the other 
alkalies, and crystallizes in prisms, which resemble the sul- 
phate of soda in appearance, but do not effloresce on exposure 
to the air. Its taste is saline, without being bitter. 

Sulphate of Ammonia.—This salt is easily prepared by 
neutralizing the carbonate of ammonia with dilute sulphuric 
acid. It crystallizes in long flattened six-sided prisms. It 
dissolves in two parts of water at 60°, and in an equal weight 
of boiling water. It is sublimed by heat, but is partially de- 
composed at the same time. ‘The crystals are composed of 
40 parts or one atom of acid, and 17 parts or one atom of 
ammonia, combined according to Dr. Thomson with one atom, 
and according to Berzelius with two atoms of water. 

Sulphate of Baryta.—The native sulphate of baryta, com- 
monly called heavy spar, occurs abundantly, chiefly massive, 
but sometimes in anhydrous crystals, the form of which is 
variable, being sometimes prismatic and sometimes tabular. 
Its density is about 4.4. It is easily formed artificially by 
the way of double décomposition. 'This-salt bears an intense 
heat without fusing or undergoing any other change, and is 
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one of the most insoluble substances with which chemists are 
acquainted. It is sparingly dissolved by hot and concentrat- 
ed sulphuric acid, but is precipitated by the addition of water. 
According to, Dr. Thomson it is composed) of 78 parts or 
one atom of PANY EAs and 40 parts or one atom of sulphuric 
acid, 

Sulphate of Strontia.—The sulphate of strontia,, the ce- 
Lestine of mineralogists, is less abundant than heavy spar. It 
occurs in prismatic crystals of peculiar beauty in Sicily. Its 
density is 3.858. As obtained by the way of double decom- 
position, it 1s a white heavy powder, very similay to the sul- 
phate of baryta. It requires about 3840 times its weight: of 
boiling water for. solution... According to Dr.. Thomson it 
consists of 52 parts.or one atom of strontia, and one afar of 
sulphuric acid. 

Sulphate of Lime.—This salt is easily fetal by mixing: . 
solution of the muriate of lime with any soluble sulphate. . It.oc. 
curs abundantly asa natural production, The mineral called 
anhydrite is the anhydrous sulphate of lime; andall the varieties 
of gypsum are composed of the same salt, united with water. 
The pure crystallized specimens of gypsum are sometimes 
called selenite ; and the white compact variety is employed i in 
statuary under the name of alabaster... The anhydrous; com- 
pound consists of one atom of acid, and 28 parts or.one atom 
of lime; and pure gypsum, according to Dr. ‘Thomson, 1s 
composed of 68 parts or one atom of the sulphate of lime; and 
18 parts or two atoms of water. The hydrous salt.is de- 
prived of its water by a low red heat, and in this state forms 
plaster of Paris. Its property of becoming hard, when, made 
into a thin paste with water, is owing to the anhydrous. sul- 
phate combining chemically with that liquid, and thus depriy- 
ing it of its fluidity. ' 

The sulphate of lime has hardly any taste. It 1s consider- 
ably more soluble than the sulphates of baryta or strontia, 
requiring for solution about 500 parts of cold, and 450 of 
boiling water. Owing to this circumstance, and to its exist- 
ing so abundantly in the earth, it is frequently contained in 
spring water, to which it communicates the property called 
hardness, .When freshly precipitated, it may be dissolv- 
ed completely by dilute nitric acid. It is commonly believed 
to sustain a white heat without decomposition; but, Dr. Thom. 


472 SULPHATES. 


son states, that it parts with some of its acid when heated to 
redness. | 

Sulphate of Magnesia.—This sulphate, generally known 
by the name of Hpsom salt, is frequently contained in mi- 
neral springs. It may be made directly, by neutralizing di- 
lute sulphuric acid with carbonate of magnesia; but it is pro- 
cured for the purposes ‘of commerce by the action of dilute 
sulphuric acid on magnesian limestone, the native carbonate of 
lime and magnesia. 

The sulphate of magnesia has a saline, bitter, and nauseous 
‘taste. It crystallizes readily in small quadrangular prisms, 
which effloresce slightly in adry air. They are soluble inan 
equal weight of water at 60°, and in three-fourths of their 
weight of boiling water. They undergo the watery fusion 
when heated ; and the anhydrous salt is deprived of a portion 
of its acid at a white heat. The crystals are composed, ac- 
cording to M. Gay-Lussac, of 60 parts or one atom of the 
dry sulphate, and 63 parts or seven atoms of water. 

Sulphate of Alumina.—The pure sulphate of alumina is a 
compound of little interest ; but with the sulphate of potassa 
it forms an interesting double salt, the well-known alum of 
commerce. __ 

Alum has a sweetish astringent taste. It is soluble in five 
parts of water at 60° F. and in little more than its own weight 
of boiling water. ‘The solution reddens litmus paper: but it 
is doubtful whether this is owing to an excess of acid, or to 
‘the weak affinity existing between alumina and sulphuric 
acid. (Page 463.) It crystallizes readily in octahedrons, or 
in segments of an octahedron, and the crystals contain almost 
50 per cent. of water of crystallization. On being exposed to 
heat, they froth up remarkably, and part with all the water, 
forming anhydrous alum, the alwmen ustum of the pharmaco- 
peia. Ata full red heat the alumina is deprived of its acid. 

There is some doubt as to the real composition of alum. 
According to Dr. Thomson, it is composed of 7 


Sulphate of alumina, 1'74 3 atoms 
Sulphate of potassa, 88 1 atom 
Water, 225 25 atoms 


Mr. Phillips, on the contrary, regards it asa compound of 
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two’atoms of the sulphate of alumina, one atom oft the’ bi-sul- 
phate of’ potassa, and 22 atoms of water, | 

The sulphate of alumina forms with the sulphate of am- 
monia, and with the sulphate of soda, double aoe which are’ 
very analogous 'to common alum. 

Sulphate of Iron.— The sulphate of the protoxide of iron, 
commonly called green vitriol, is formed by the action of 
dilute sulphuric acid on metallic iron, (page 164) or by ex- 
posing the protosulphuret of iron in fragments to the com- 
bined agency of air and moisture. This salt has a strong, 
styptic, inky taste. ‘Though neutral in composition, being 
composed of one atom of each element, it reddens the vege- 
table blue colours. - It is soluble in two parts of cold, and in’ 
three-fourths of its weight of boiling water. It occurs in 
transparent pale green-coloured rhombic crystals, which con- 
sist, according to Berzelius, of '76 parts or one atom of the 


- 


protosulphate, and 63 parts or seven atoms of water. In the’ 


anhydrous state it is of :a dirty white colour. It is this salt 
which is employed in the manufacture of the fuming sul- 
phurie acid, (Page’217.) 

The protosulphate of iron absorbs oxygen from the air,’ 
especially when in solution, by which an insoluble sub-sul- 
phate of the peroxide of iron is generated, consisting, accord-’ 
ing’ to Berzelius, of one atom of pomncare ast, and four atoms 
of the peroxide. | : : 

When a solution of the protosulphate of iron is boiled with 
a little nitric acid, until the’ liquid acquires a red colour, and 
is then evaporated ‘to dryness. by a moderate heat, a salt re-! 
mains, the greater part of which is soluble both in alcohol and! 
water, and which attracts moisture from the atmosphere, 
The analysis of Berzelius has proved it to be a compound’ of 
40 parts or one atom of the peroxide of iron, .and 60 parts 
or an atom and a half of sulphuric acid. It is, therefore, ay 
sl Hy of the peroxide of iron. ‘ 

Sulphate of Zinc,—The sulphate of zinc, frequently called’ 
white vitriol, is the residue of the process for forming hy- 
drogen gas by the action of dilute sulphuric acid on metallic 
zinc, but is made, for the purposes of commerce, by roasting 
the native sulphuret of zinc’ in a reverberatory furnace. Tt 
crystallizes by spontaneous evaporation in transparent’ four. 
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sided prisms, which dissolve in two parts and a half of cold, 
and are still more soluble in boiling water. It has a strong 
styptic taste. It reddens vegetable blue colours, though in 
composition it is a strictly neutral salt, consisting of one atom 
of each of its elements. The crystals are composed of 82 
parts or one atom of the anhydrous sulphate, and 63 parts 
or seven atoms of water. 

Sulphates of Copper.—The met thee of the oaeiciciile of 
copper has not, been obtained inja separate state, The sul- 
phate of the peroxide of copper, the Glue. vitriol employed by 
surgeons as an escharotic and astringent, may be prepared 
for chemical purposes by dissolving the peroxide of copper in 
dilute sulphuric acid; but,it is procured for sale by roasting 
the .native sulphuret, so as to bring both its elements toa 
maximum of oxidation, This salt forms regular crystals, 
of a blue colour, reddens litmus paper, and is soluble in 
about four of cold, and in two. parts of boiling water. Ac- 
cording to the i a pe of Proust, Thomson, and Berze- 
lius, it is composed of 80 parts or one atom of the peroxide. 
of copper, 80 parts or two atoms of acid, and 90 parts or ten 
atoms of water. It is therefore, strictly, a, bisulphate. 

When pure potassa is added to asolution of the bisulphate 
of copper in a quantity which is insufficient for separating 
the whole of the acid, a pale bluish-green precipitate, the 
sub-sulphate, i is thrown down, which is composed of one atom, 
of acid and one atom of the peroxide. __ 

The sulphate of copper and ammonia is generated by drop- 
ping pure ammonia into a solution of the bisulphate, until 
the sub-salt at first thrown down is nearly all dissolved. It 
forms a dark blue: solution, from which, when concentrated,, 
erystals are deposited by the addition of alcohol. . It may. be. 
formed also by rubbing briskly in a mortar two parts. of the 
crystallized bisulphate. of copper with three parts of carbon-. 
ate of ammonia, until the mixture acquires an uniform deep, 
blue. colour. Carbonic acid. gas. is disengaged. with. effer- 
vescence during the operation, and the mass becomes moist, 
owing to the water of the blue vitriol being set free... 

This compound, which is the ammoniaret of copper of the. 
pharmacopeeia, contains sulphuric acid, peroxide of copper, 
and ammonia; butits precise nature has not been determined 
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jin a satisfactory manner, It parts gradually with ammonia 
by exposure to the air. regi | 

Sulphates of Mercury.— W hen two parts of mercury are 
gently heated in three parts of strong sulphuric acid, so as 
to cause a slow effervescence, a sulphate of the protoxide of 
mercury is generated, But if a strong heat is employed ‘in 
such a manner as to excite brisk effervescence, and the mix- 
ture is brought to dryness, a pure sulphate of the peroxide 
results. * The former is composed of one atom of sulphuric 
acid and one atom of the protoxide; and the latter of two 
atoms of acid and one atom of the peroxide. (Thomson.) 
When this bisulphate, which is the salt employed in making 
corrosive sublimate, is thrown into hot water, decomposition 
ensues, and a yellow sub-salt, formerly called turpeth mineral, 
subsides. This salt is composed of one atom of the acid and 
one atom of the peroxide. The hot water retains some of 
the sulphate in solution, together with free sulphuric acid. 
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The salts of sulphurous acid have not hitherto been mis 
nutely examined. ‘The sulphites of potassa, soda, and am- 
monia, which are made by neutralizing those alkalies with’ 
sulphurous acid, are soluble in water ; but most of the other 
sulphites, so far as is known, are of sparing solubility.. The 
sulphites of baryta, strontia, and lime, are very insoluble, 
and consequently the soluble salts of these earths decompose 
the alkaline sulphites. 

The stronger acids; such as the sulphuric, muriatic, phos. 
phoric, and arsenic acids, decompose all the sulphites ' with 
effervescence, owing to the escape of sulphurous acid, which’ 
may easily be recognised by its odour. ~The nitric acid, by. 
yielding oxygen, converts the sulphites ito sulphates. — 

When the sulphites of the fixed alkalies and alkaline earth’; 
are heated strongly in close vessels, a sulphate is generated, 
and a portion of sulphur sublimes, In open vessels at a high, 
temperature they absorb oxygen, and are converted into sul 
phates, and a similar change takes place even in the cold, es« 


* Donovan in the Annals of Philosophy, vol. xiv. 
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pecially when they are in solution. M. Gay-Lussac has ‘re- 
marked, that a neutral sulphite always forms ‘a neutral sul- 
phate when its acid is oxidized ; a fact from which it may be 
inferred, that neutral’ sulphites consist of one atom of = 
acid and one atom of the base. 

The hyposulphates and hyposulphites are of little arpa 
ance, and their general character has already been sufticient- 
ly described. (Pages 220 and 221.) 


SECTION II. 
NITRATES. NITRITES. CHLORATES. IODATES. 
NITRATES. 


THE nitrates are prepared by the action of nitric acid on 
metals, on the salifiable bases themselves, or on carbonates. 
As nitric acid forms soluble salts with all alkaline bases, 
the acid of the nitrates cannot be precipitated by any reagent! 
‘They are readily distinguished from other salts, however, by 
the three following characters:—Ist, by deflagrating with 
red-hot charcoal; 2d, by their power of dissolving gold leaf 
on the addition of: muriatic acid; 3d, by the evolution of 
dense, white, acid vapours, which are easily recognised to be 
nitric acid by their odour, when mixed with strong sulphurie¢ 
acid. | it aah’. 
All the nitrates are decomposed without exception by a 
high temperature. Some of these salts, of which common 
nitre. is an example, are at first converted with disengagement 
of oxygen gas into nitrites ; and then by continuing the heat, 
the nitrous acid is resolved almost entirely into oxygen and 
nitrogen gases, and pure potassa remains. In others, such 
as the nitrates of baryta and strontia, the acid is apparently 
changed at once into oxygen and nitrogen, without forming a 
nitrite. ‘The nitrate of lead, as already mentioned, (p. 191,) 
yields oxygen and nitrous acid ; and the nitrate of palladium, 
which is decomposed without the application of a strong heat, 
emits nearly pure nitric acid, 
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‘As the nitrates are easily decomposed by heat alone, they 
must necessarily suffer decomposition by the united agency of 
heat and combustible matter. ‘The nitrates on this account 
are much employed as oxidizing agents, and’ frequently act 
with greater efficacy even than the nitro-muriatic acid. \'Thus 
metallic titanium, which resists the action of these acids, 
combines with oxygen when heated with nitre. The efficiency 
of this salt, which is the nitrate usually emploved for the pur- 
pose, depends not only on the affinity of the combustible for 
oxygen, but likewise on that of the oxidized body for potas- 
sa. ‘The process for oxidizing substances by means of nitre, 
is called deflagration, and is generally performed by mixing 
the inflammable body with an equal weight of the nitrate, 
and projecting the mixture in small portions at a time*into a 
red-hot crucible. 

All the neutral nitrates of the fixed alkalies and alkaline 
earths, together with most of the neutral nitrates of the com- 
mon metals, are composed of one atom of nitric acid, and one 
atom of a protoxide. Consequently, the oxygen of the oxide 
and acid in all such salts must be in the ratio of 1 to 5. 

- The only nitrates found native are those of potassa, “_— 
lime, and magnesia. . 

Nitrate of Potassa.—This salt is generated Joti basedatiy 
in the soil, and crystallizes upon its surface, in several parts 
of the world, and especially in the East Indies, whence the 
greater part of the nitre used in Britain is derived. In France 
and Germany, it is prepared artificially from a mixture of 
common mould or porous calcareous earth with animal and 
vegetable remains containing nitrogen. When a heap of these 
materials, preserved moist and in a:shaded situation, is mo- 
derately exposed to the air, nitric acid is gradually generated, 
and unites with the potassa, lime and magnesia which are 
commonly present in the mixture. | On dissolving these salts 
in water, and precipitating the two earths by carbonate ‘of 
potassa, a solution is formed, which yields erystals of nitre by 
evaporation. ‘The nitric acid is doubtless generated under 
these circumstances by the nitrogen. of the organic matters 
combining during putrefaction with oxygen of the atmosphere, 
a change which must be attributed to the affinity of oxygen 
for nitrogen, aided by that of the nitric acid for alkaline bases: 
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The nitrate of potassa is a colourless salt, which crystallizes 
readily in six-sided prisms, Its taste is saline, accompanied 
with an unpression of coolness. It requires for solution seven 
parts of water at 60° F., and its own weight of boiling water. 
It contains no water of crystallization, but its crystals are 
never quite free from water lodged mechanically within them. 
When moderately heated it undergoes the igneous fusion, 
and like all the nitrates is decomposed by a red heat. 

Nitre is chiefly employed in chemistry as an oxidizing 
agent, and in the formation of nitric acid. Its chief use. in 
the arts is for making gun-powder, which is a mixture of 
nitre, charcoal, and sulphur, . In the East Indies it is em- 
ployed for the preparation of cooling mixtures ;—an ounce 
of powdered nitre dissolved in five ounces of water reduces 
its temperature by fifteen degrees. It possesses powerful an- 
tiseptic properties, and is therefore much employed in the 
preservation of meat and animal matters in general. 

Nitrate of Soda.—This salt is analogous in its chemical 
properties to the preceding compound, 

Nitrate of Ammonia.—The nitrate of ammonia may be 
formed by neutralizing dilute nitric acid by the carbonate of 
ammonia, and evaporating the solution. This salt may, be 
procured in three different states, which have been described 
by Sir H. Davy, (Researches concerning the nitrous oxide.) 
If the evaporation is conducted at a temperature not ex- 
ceeding 100° F., the salt is obtained in prismatic, crystals 
which are composed, according to the experiments of Davy, 
Berzelius, and Thomson, of 67 parts or one atom of the neutral 
nitrate of ammonia, and 9 parts or one atom of water. | If,the 
solution is evaporated at 212° F’., fibrous crystals are Pre 
ed; and if the heat be otesloniin increased to 300° F,, it 
forms a brittle compact mass on cooling. ‘The E besiaie and 
compact varieties still contain water, the former 8.2 per cent, 
and the latter 5.7. All these varieties are deliquescent, and 
very soluble in water, ,' 

The change which the nitrate of ammonia undergoes at a 
temperature varying between 400 and 500 of F., has already 
beenexplained. When heated to 600°, it explodes with violence, 
being resolved into water, nitrous acid, the deutoxide of 
nitrogen, and nitrogen. The fibrous variety was found by 
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Sit H. Davy to yield the largest quantity of the protoxidée 
of nitrogen. From one pound of this salt he procured near 
ly three cubic feet of the gas. 

Nitrate of Baryta.—This salt is sometimes used as a re- 
agent, and for preparing pure baryta. It is easily prepared 
by digesting the native carbonate, reduced to powder, in ni- 
tric acid diluted with eight or ten times its weight of water. 
‘The salt crystallizes readily by evaporation in transparent 
octahedrons. Its crystals contain no water‘of crystallization, 
and are very apt to decrepitate by heat unless previously re- 
duced to powder. They require twelve parts of water at 
60° F., and three or four of boiling water for solution. ‘They 
undergo the igneous fusion in the fire before being decom- 
posed. They are insoluble in alcohol. | 

Nitrate of Strontia.—This salt may be made from stron- 
tianite in the same manner as the foregoing compound, to 
which it is exceedingly analogous. | Like all the soluble salts 
of strontia it gives a blood-red colour to flame. (Page 358.) 

Nitrates of Lime and Magnesia.—These salts are very de- 
liquescent, and soluble in alcohol. By this character the ni- 
trate of lime is easily distinguished and separated from the 
nitrates of baryta and strontia. © (Page 361.) 

Nitrate of Copper.—This salt is prepared by the action of 
nitric acid on copper. (Page 186.) It crystallizes, though with 
some difficulty,’in prisms, which are of a deep blue colour, 
and deliquesce on exposure to the air. The crystals are com- 
posed of 108 parts or two atoms of acid, 80 or one atom of 
the peroxide, and 126 or 14 atoms of water. \(Thomson.) 

fit or 
It is therefore strictly a bi : The gyeen insoluble 
sub-salt, procured by exposing the bi- to heat, con- 
tains, exclusive of water, one atom of acid and one atom of 
the peroxide. When heated to redness it yields pure per- 
oxide of copper. 

Nitrate of Lead.—This salt is formed by digesting lichafis 
in dilute nitric acid. It crystallizes readily in oteahdd reise 
which are almost always opaque. These crystals are anhy- 
drous. ‘This salt has an acid reaction, but is neutral in com- 
position, consisting of 54 parts or one atom of acid, anid! 112 
or one atom of the protoxide of lead. 

A dinitrate of lead, composed of one atom of acid to two 
atoms of the protoxide, was formed by Berzelius by adding 
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‘to.a solution of the neutral nitrate, a quantity of pure ammo: 
nia insufficient for separating the whole of the acid. | 

Nitrates of Mercury.—The protonitrate is. conveniently 
formed by digesting mercury in nitric acid diluted with three 
or four parts of water, until the acid is saturated, and then 
allowing the solution to evaporate spontaneously in an open 
vessel. The solution always contains at first some nitrate of 
the peroxide, but if metallic mercury is left in the liquid, a 
pure protonitrate is gradually deposited. The composition of 
this salt has not been determined in a satisfactory manner; but 
it probably consists, exclusive of water, of one atom of acid 
and one atom of the protoxide. This salt dissolves completely 
in water slightly acidulated with nitric acid, but.in pure wa- 
ter a small quantity of a yellow subsalt is generated. 

When mercury is heated in an excess of strong nitric acid, 
it is dissolved with brisk effervescence owing to the escape of 
the deutoxide of nitrogen, and transparent prismatic crystals 
of the pernitrate are deposited as the solution cools... When 
this salt is put into hot water, a yellow insoluble sub-salt. of 
the peroxide is generated. The former salt is composed, ac- 
cording to Dr. Thomson, of one atom of acid to one atom of 
the peroxide; and M. Grouvelle states the latter to consist 
of one atom of acid to two atoms of the peroxide. (An. de 
Ch. et de Ph. vol. xix.) . 

Nitrate of Siiver —Silver is readily oxidized and dissolv- 
ed by nitric acid diluted with two or three times its weight 
of water, forming a solution which yields transparent tabular 
crystals by evaporation. These crystals, which are anhydrous, 
undergo the igneous fusion when heated, and assume a crys- 
talline texture in cooling. Ata red heat it is completely de- 
composed, and metallic silver remains. When liquefied by 
heat, and received in small circular moulds, it forms the lapis 
infernalis or lunar caustic, employed by surgeons as a cautery, 
The nitric acid appears to be the agent which destroys the 
animal texture, and the black stain is owing to the separa- 
tion of the oxide of silver. .It is sometimes employed for 
giving a black colour to the hair, and is the basis of the in- 
delible ink for marking linens. hel 

The nitrate of silver deliquesces on exposure to the air, 
It is soluble in its own weight of cold, and in half its weight 
of hot water., It dissolves also in four times its ‘cight of 
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alcohol. The aqueous ‘solution undergoes, little change if 
preserved. in glass vessels; but when, paper moistened with 
it is exposed to light, especially to sun-shine, a black stain is 
produced, owing to the decomposition of the salt and. reduc- 
tion. of the oxide to the metallic state. This solution is em- 
‘ployed. by. chemists as a test. of tie presence. of chigsing and 
muriatic, acid. 

The nitrate of silver, ; even after fusion, nadie vegetable 
colouring matters; but it is neutral in composition, consisting 
of one atom of acid and one atom of the oxide. 


NITRITES. 


Little is known with certainty concerning the compounds 
of nitrous acid with alkaline bases. ‘The nitrite of potassa is 
probably formed by heating nitre to redness, and removing 
it from the fire before the decomposition is complete. On 
adding a strong acid to the product, red.fumes of nitrous 
acid are disengaged, a character which is, of course, common 
to all the nitrites. Two nitrites of lead have been described 
in the Annales de Chimie, vol. Ixxxui. by M. Chevreul, and 
M. Berzelius. It is possible, however, that these compounds 
are hyponitrites, 


CHLORATES. 


The salts of chloric acid are very analogous to the nitrates. 
As the chlorates of the alkalies, alkaline earths, and most of 
the common metals, are composed of one atom of chloric acid 
and one atom of a protoxide, it follows that the oxygen of the 
latter is to that of the former in the ratio of 1 to 5... The 
chlorates are decomposed by a red heat, nearly all of them 
being converted into metallic chlorides, with evolution of pure 
oxygen gas. (Page 150.) They deflagrate with inflammable 
substances with greater violence than the nitrates, yielding 
oxygen with such facility that an explosion is. produced. by 
slight causes. Thus a mixture of sulphur with three times 
its weight of chlorate of potassa explodes .when struck be- 
tween two hard surfaces. With charcoal, and the sulphurets 
of arsenic and antimony, this salt forms similar explosive 
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mixtures; and with phosphorus it detonates violently by pe?- 
cussion. ‘The mixture employed in the percussion locks for 
guns consists of sulphur and the chlorate of potassa. 

All the chlorates hitherto examined are ‘soluble in water, 
excepting the proto-chlorate of mercury, which is of sparing 
solubility. These salts are distinguished by the action of 
strong muriatic and sulphuric acids, the former of which oc- 
casions the disengagement of chlorine and the protoxide of 
chlorine, and the latter of the peroxide of chlorine. 

None of the chlorates are found native. ‘The only ones 
that require a particular description are the chlorates of po- 
tassa and baryta. 

Chlorate of Potassa. This salt, formerly called orymu- 
riate or hyperoxy-muriate of potassa, is colourless, and crys- 
tallizes in four and six-sided scales of a pearly lustre. It is 
soluble in sixteen times its weight of water at 60° F. and in 
two and a half of boiling water. It is quite anhydrous, and 
when exposed to a temperature of 400° or 500° F. undergoes 
the igneous fusion. On increasing the heat almost to red+ 
ness, effervescence ensues, and pure oxygen gas is disengag- 
ed, phenomena which have been explained in the section on — 
oxygen. 

The chlorate of potassa is detttadd by transmitting chlorine 
gas through aconcentrated solution of pure potassa, until the 
alkali is completely neutralized. The solution which, after 
being boiled for a few minutes, contains nothing but the mu- 
riate and chlorate of potassa, (page 23'7) is gently evaporated 
till a pellicle forms upon its surface, and is then allowed to 
cool. ‘The greater part of the chlorate crystallizes, while 
the muriate remains in solution. ‘The crystals, after being 
washed with cold water, may be purified by a second crystal- 
lization. 

The Chlorate of baryta is of interest, as being the com- 
pound employed in the formation of chloric acid. (Page 246.) 
The readiest mode of preparing this salt is by the process of 
Mr. Wheeler. On digesting for a few minutes a concentrat- 
ed solution of the chlorate of potassa with a slight excess 
of silicated fluoric acid, the alkali is precipitated in the form 
of an insoluble double fluate of silica and potassa, while the 
chloric acid remains in solution. The liquid after filtration 
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is‘neutralized by carbonate of baryta, which likewise throws 
down the excess of fluoric acid and silica. The silicated 
fluoric acid employed in the process is made by conducting 
fluosilicic acid gas into water. 


IODATES. 


From the close analogy in the composition of chlo- 
ric and iodic acids, it follows that the general character of the. 
iodates must be similar to that of the chlorates. Thus in all 
neutral, proto-iodates the oxygen contained in the oxide and 
acid isin the ratio of 1 to 5. They form deflagrating mixtures 
with combustible matters; and on being heated to low red- 
ness, oxygen gas is disengaged and a metallic iodide remains. 
As the affinity of iodine for metals is less energetic than that 
of chlorine, many of the iodates part with iodine as well as 
oxygen when heated, especially if a high temperature is em- 
ployed. 

The iodates are easily recognised by the facility with which 
their acid is decomposed by deoxidizing agents. Thus the sul- 
phurous, phosphorous, muriatic, and hydriodic acids, deprive 
the iodic acid of its oxygen, and set iodine at liberty. Sul- 
phuretted hydrogen not only decomposes the acid of these 
salts, but occasions the formation of hydriodic acid by yield- 
ing hydrogen to the iodine. Hence an iodate may be con- 
verted into a hydriodate by transmitting a current of sulphu- 
retted hydrogen gas through its pia ben 

None of the iodates have been found native. ‘They are all 
of very sparing solubility, or actually insoluble in water, ex- 
cepting the iodates of the alkalies. 

Todate of Potassa.—This salt is easily procured by adding 
iodine to a concentrated hot solution of pure potassa, until the 
alkali is completely neutralized. The liquid which contains 
‘ the iodate and hydriodate of potassa, (page 259) is evaporat- 
ed.to dryness by a gentle heat, and the residue, when cold, is 
treated by strong alcoho]. The iodate, which is insoluble in 
that menstruum is left, while the hydriodate of potassa is cig- 
solved. 

_ All the insoluble iodates may be procured from this salt by 
double decomposition. Thus the iodate of baryta may be 
formed by mixing the muriate of baryta with a solution of 


the iodate of potassa. 
Q1 
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SECTION III. 


PHOSPHATES. PHOSPHITES. ARSENIATES. ARSENITES. 
PHOSPHATES. 


Tue neutral salts of phosphoric acid with fixed bases sus- 
tain a red heat without decomposition, but they are all fusible 
ata high temperature. The phosphates of the common me- 
tals, at least the greater part of them, are converted into phos- 
phurets by the combined agency of heat and charcoal. | The 
alkaline phosphates are only partially decomposed under these 
circumstances, and the phosphates of lime, baryta, and stron- 
‘tia, undergo no change. The neutral phosphates, excepting 
those of potassa, soda, and ammonia, are of sparing solubility 
in pure water; but they are all dissolved without efferves- 
cence in an excess of phosphoric or nitric acid, and are pre- 
cipitated, for the most part unchanged, from the acid solu- 
tions by pure ammonia. Ofall the phosphates, those of ba- 
ryta, lime, and lead, and especially the latter, are tit most 
insoluble. 

The presence of a neutral phosphate in solution may be dis- 
tinguished by the tests already mentioned in the section on 
phosphorus. (Page 225.) The insoluble phosphates are de- 
composed when boiled with a strong solution of carbonate of 
potassa or soda, the acid uniting with the alkali, so as to form 
a soluble phosphate. ‘The earthy phosphates yield to this 
_ treatment with some digiculty, and mone continued ebulli- 

tion. 

Several phosphates are met with in the native state, sath 
-as those of lime, manganese, iron, uranium, copper, and lead. 

Phosphate of Soda, Of the alkaline phosphates, that with 
base of soda is the one generally employed, owing to the facili- 
ty with which it is obtained in crystals. It is prepared ‘on 
a large scale in chemical manufactories, by neutralizing the 
super-phosphate of lime, procured by the action of sulphuric 
-acid on burned bones, (page 223,) with carbonate of soda. 
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The.carbonate of lime is separated: by filtration, and the cleat 
liquid, after being duly concentrated by evaporation, depo« 
sites crystals of the phosphate of soda in cooling. It coms 
monly contains traces of sulphuric acid, from which it may be 
purified by repeated crystallization. It is customary in this 
process to employ a slight excess of the alkali, the presence of 
which facilitates the formation of crystals. On this: account 
the phosphate of soda has commonly an alkaline reaction ; 
but when carefully prepared, Dr. Thomson says it is a 
neutral, 

This salt crystallizes 1 in. rhombic. prisms, which wlcdtcie 
on exposure to the air, and require four parts of cold or two 
of boiling water for solution. According to Dr. Thomson the 
crystals are composed of 28 parts or one atom of phosphoric 
acid, 32 or one atom of soda, and 108 or twelve atoms of water. 

This salt is employed in medicine asa laxative, and in che- 
mistry as a reagent. 

Phosphate of Soda anil Ammonia. This salt is easily prepared 
by dissolving one atom of muriate of ammonia and two atoms 
of phosphate of soda in a small quantity of boiling water. .As 
the liquid cools, prismatic crystals of the double phosphate 
are deposited, while muriate of soda remains in solution. 
This salt has been long known by the name of microcosmic 
salt, and is much employed as a flux in experiments with the 
blow-pipe. When heated it parts with its water and amnio- 
nia, and a very fusible biphosphate of soda remains. It is 
composed of one atom of the phosphate of soda, and one 
atom of the phosphate of ammonia, united according’ to Dr. 
Thomson with 16 atoms of water. 

Phosphate of Lime.—Chemists differ exceedingly as to the 
number of compounds which phosphoric acid is capable of 
forming with lime. There seems no doubt, however, from 
the researches of Berzelius and others, that the phosphate of 
lime, as it exists in bones, or as obtained by mixing muriate 
of lime with neutral phosphate of soda in excess, is composed 
of 28 parts or one atony of phosphoric acid, and 28 of one 
atom of lime. This is the peepouns of which many mateo 
concretions consist. 

. The biphosphate of lime may. be prepared by adding otle 
atom of phosphoric acid to one atonvof the phosphate of lime, 
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It is very soluble’ in water, but does not. crystallize. A 
super-phosphate is also formed by the action of sulphuric 
acid on phosphate of lime; but whether it is really a biphos- 
phate,‘ or some super-salt with a still larger proportion of 
acid, is as yet uncertain. The biphosphate exists) in the © 
urine. 

Phosphate of Ammonia and Magnesia.—The simple phos- 
phate of magnesia, which is prepared by mixing a solution of 
the sulphate of magnesia with phosphate of soda, is of little 
interest ; but the double phosphate is of importance as con- 
stituting a distinct species of urinary concretion. It is easily 
procured by adding carbonate of ammonia and afterwards 
phosphate of soda to a solution of the-sulphate’ of magnesia, 
when the double phosphate subsides in the form of minute 
crystalline grains. This salt is insoluble in pure water ; but 
is dissolved by most acids, even by the acetic, and is preci- 
pitated unchanged when the solution is neutralized by am- 
monia. 

The phosphate of magnesia and ammonia, when dried in the 
air, consists of 48 parts or one atom of the phosphate of mag- 
nesia, 45 or one atom of the phosphate of ammonia, and 36 or 
four atoms of water. On heating this salt, the water and am- 
monia are dissipated, and. a biphosphate of magnesia remains, 
consisting of 20 parts or one atom of magnesia, and 56 or 
two atoms of acid. Itis insoluble in water, but is dissolved 
by strong acids.. When. strongly heated it fuses and forms 
a white opaque glass. 

Phosphites and Hypophosphites.—These compounds have 
hitherto been little examined, and are of no material impor- 
tance. They do not therefore require a particular descrip- 
tion. (Page 227.) 


ARSENIATES, 


All the arseniates are sparingly soluble in water, except- 
ing those of potassa, soda, ammonia, and perhaps of lithia ; 
but they are all dissolved without effervescence by dilute ni- 
tric acid as well as most other acids which do not precipitate 
the base of the salt, and are thrown down again unchanged by 
pure ammonia. Most of them bear a red» heat without de- 
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composition ; but they are all desdrniseed by being heated to 
redness along wit! charcoal, metallic arsenic being set at li- 
berty. The arseniates of the fixed alkalies and alkatinig earths 
require a rather high temperature for reduction; while: the 
arseniates of the common metals, such as those of lead and 
copper, are easily reduced in a glass tube by means of a spi- 
rit-lamp without danger of melting the glass. Of all the are 
seniates that of lead is the most insoluble. 

The soluble arseniates are easily recognised by ene tests 
described in the section on arsenic ; (page 399) and the inso- 
luble arseniates, when boiled in a strong solution of the fixed 
alkaline carbonates, are deprived of their acid, which may 
then be detected in the usual manner. The free alkali, how- 
ever, should first be exactly neutralized by pure nitric acid. 

The arseniates of lime, nickel, cobalt, iron, copper, and 
lead, are natural productions. 

The arsenic acid unites in two proportions with potassa, 
soda, and ammonia, forming neutral and ‘bi-salts, all of 
which, the neutral arseniate of potassa excepted, may be ob- 
tained in crystals. They are all formed by adding arsenic 
acid to the alkaline carbonates. The bin-arseniate of potassa 
- may be formed conveniently by heating to redness equal parts 
of nitrate of potassa and arsenious acid, and continuing the 
heat until the effervescence arising from the nitre has ceased. 

M.«Mitscherlich has ascertained that a close analogy exists 
between the salts of phosphoric and arsenic acid. So far as 
his researches have extended, 1t appears that for every arse- 
niate there is a corresponding phosphate 5 and that these cor- 
responding salts are analogous in composition, nis identical 


in form. ipa de Ch. et de Ph. vol. xix.) 
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The only soluble compounds of arsenious acid and satin 
able bases known to chemists, are the arsenites of potassa, so- 
da, and ammonia, which may be prepared by boiling a solu- 
tion of these alkalies in arsenious acid... The other arsenites 
are insoluble, or, at most, : sparingly soluble in pure water ; 
but! they are dissolved by an excess of their own acid; with 
great facility. by nitric acidy;and by most other. acids with 
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which their bases do not form insoluble compounds. The 
insoluble arsenites are easily formed by the way of double de- 
composition. 

On exposing the arsenites to heat in close vessels, the arse- 
nious acid is either dissipated in vapour or converted, with 
disengagement of some metallic arsenic, into arseniates. _Heat- 
ed with charcoal or black-flux, the acid is reduced with faci- 
lity. (Page 398.) 

The soluble arsenites, if quite neutral, are characterized by 
forming a yellow arsenite of silver when mixed with the ni- 
trate of that base, and a green arsenite of copper, Scheele’s 
green, with the sulphate of copper. . When acidulated with 
acetic or muriatic acid, sulphuretted. hydrogen causes the 
formation of orpiment, an effect which it likewise produces, 
though slowly, in the arseniates. The insoluble arsenites are 
all decomposed when boiled in a selution of the carbonate of 
potassa or soda. 

» The arsenite of potassa is the active principle of Fowler’s 
arsenical solution. 


SECTION. IV. 
CHROMATES. BORATES. RLUATES, FLUOBORATES. 
CHROMATES. 


TuE salts of chromic acid are mostly either of a yellow or 
red colour, the latter tint predominating whenever the acid 
is in excess. The chromates of the common metals are: 
decomposed by a strong red ‘heat, by which the acid is 
resolved into the green oxide of chromium and oxygen 
gas; but the chromates of the fixed alkalies sustain a- very 
high temperature without decomposition. They are all de- 
composed without exception by the united agency of heat 

and combustible matter. 

The chromates are in general sufficiently dintinighatubisl by 
their colour. They may be known chemically by the follow- 
ing character :—-On boiling a chromate in muriatic acid mix- 
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ed with alcohol, the chromic acid is at first set free, and is 
then decomposed, a green muriate of the oxide of chromium 
eats generated. 

“The only native chromate hitherto discovered is the red 
bettie of lead from Siberia, im the examination of which 
Vauquelin made the discovery of chromium. 

Chromates of Potassa.—The chromate of potassa, from 
which all the compounds of chromium are directly or indirect- 
ly prepared, is made by heating to redness the native oxide 
of chromium and iron, commonly called chromate of iron, 
with ‘an equal weight of the nitrate of potassa, when the 
chromic acid is generated, and unites with the alkali of the 
nitre. After digesting the ignited mass in water until the 
chromate is dissolved, the solution is neutralized by nitric 
acid, and concentrated by evaporation, in order that the ni- 
trate of potassa should crystallize. The residual liquid is 
then set aside to evaporate spontaneously, and the chromate 
is gradually deposited in small prismatic iain of: a need 
yellow colour. | 

The chromate of potassa has a cool, bitter, and. ibaa 
able taste. It is soluble to great extent in boiling water, 
and in twice its weight of that liquid at 60° Fahr. It is in- 
soluble in alcohol. It has an alkaline reaction, and on this 
account M. 'Tassaert,* jun. regards it as a subsalt ; but Dr. 
Thomson has proved that it is neutral in composition, con- 
sisting of 52 parts or one atom of chromic acid, and 48 parts 
or one atom of potassa. Its crystals are anhydrous.+ | 

The bichromate of potassa, which is made in large quantity 
at Glasgow for dyeing, is prepared by acidulating the neutral 
chromate with sulphuric acid, and allowing the solution to 
erystallize by spontaneous evaporation. When slowly form- 
ed it is deposited in four-sided tabular crystals, which have an 
exceedingly rich red colour, are anhydrous, and consist of one 
atom of the alkali, and two atoms of chromic acid. (‘Thom- 
son.) They are soluble in about ten times their weight \of 
-water at 60° F., and: the solution reddens litmus paper. 

The insoluble salts of chromic acid, such as the chromates 
te: : © * An. de Chiet de Ph. vol. xxii. OCT 
base. _.. Annals of Philosophy, vol. xvi. thar te Aen 
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of baryta, lead, protoxide of mercury, and silver, are pre- 
pared by mixing the soluble salts of those bases with a solu- 
tion of the chromate of potassa. The two former are yellow, 
the third orange-red, and the fourth deep red or purple. The 
yellow chromate, which consists of one atom of acid, and one 
atom of oxide, is-now extensively used as a pigment. 

A dichromate of lead, composed of one atom of chromic 
acid, and two atoms of the protoxide of lead, may be formed 
by boiling carbonate of lead with an excess of chromate of po- 
tassa. It is of a beautiful red colour, and has been recom- 
mended by Mr. Badams asa pigment. (Annals of Philos. 
N.S. vol. 1x. p. 303.) 


BORATES. 


As the boracic is a feeble acid, it neutralizes the alkalies 
in an imperfect manner, and on this account the borates of 
soda, potassa, and ammonia, have always an alkaline reac- 
tion. For the same reason, when the borates are digested in 
any of the more powerful acids, such as the sulphuric, nitric, 
or muriatic, the boracic acid is separated from its base.’ This 
does not happen, however, at high temperatures ; for boracic 
acid, owing to its fixed nature, decomposes at a red: heat all 
salts, not excepting sulphates, the acid of which is volatile. 

The borates of the alkalies are soluble in water, but all the 
other salts of this acid are of sparing solubility. They are 
not decomposed by heat, and the alkaline and earthy borates 
resist the action of heat and combustible matter. They are 
remarkably fusible in the fire, a property obviously owing to 
the great fusibility of boracic acid itself. 

‘The borates are distinguished by the following character: — 
By digesting any borate in a-slight excess of strong sulphuric 
acid, evaporating to dryness, and boiling the residue in strong 
alcohol, a solution is formed, which has the property of burn- 
ing with a green flame. (Page 230.) 

Biborate of Soda.—This salt, the only borate of import- 
ance, occurs native in some of the lakes of Thibet and Per- 
sia, and is extracted from this source by evaporation. It is 
imported from India in a crude state, under the name of 
Tincal, which, after being. purified, constitutes the refined 
borax of commerce. It is frequently called sub-borate of 
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soda, a name suggested by the inconsistent and unphilosophi- 
cal practice, now quite inadmissible, of regulating the. no- 
menclature of salts merely by their action on vegetable co- 

louring’ matter. It crystallizes. in hexahedral prisms, which 

effloresce on exposure to the air, and require twenty parts of 

cold, and six of boiling water, for solution. When exposed 

to'heat the crystals are first deprived of their water of crys- 

tallization, and are then fused, forming a vitreous transparent 

substance called glass of boraw. The crystals, according to 

the analysis of Dr. Thomson, are composed of 48 parts or 

two atoms of boracic acid, 32 or one atom of soda, and 72 

or eight atoms of water. 

The chief use of borax is as a flux, and for the preparation 
of boracic acid. The biborate of magnesia is a rare natural. 
production, which is known to mineralogists by the name of 
Boracite. 


FLUATES. 


The nature of these salts, owing to the uncertainty which 
exists concerning the constitution of fluoric acid, is as yet 
involved in obscurity.» I describe them in this place, on the 
supposition of fluoric acid containing oxygen ; but this.acid © 
may, with at least equal probability, be regarded as a hydra- | 
eid. (Page 269.) 

The neutral fluates of fixed bases are fusible at a high tem- 
perature, and most of those: which have been examined may 
be heated in close vessels to any intensity, if quite dry, with- 
out decomposition. The fluates of the alkalies and alkaline 
earths are not decomposed, so far as is known, by heat and 
combustible matter; nor does any acid, excepting the boracic, 
effect their decomposition, provided they are free from mois- 
ture. When digested, on the contrary, in concentrated. sul- 
phuric, phosphoric, or arsenic acids, the fluoric acid is disen- 
gaged, and may be recognised by its property of corroding 
glass. | | "ah Fangs 

Five fluates have hitherto been found native, namely, the 
fluate of lime or? fluor spar, the fluo-silicate of alumina. or 
topaz, the fluate of cerium, the double fluate of cerium and 
-yttria, and the double fluate of soda and alumina or cryolite. © 
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The four latter are very rare minerals, but the former is abun-. 


dant. 

Fluate of Potassa.—Potassa unites with fluoric acid in two 
proportions, forming a fluate and a bifluate, the former of 
which consists of one atom, and the latter of two atoms of 
acid, united with one atom of the alkali. The fluate is best 
formed by heating the bifluate to redness, by which means 
one atom of fluoric acid is expelled. The fluate is soluble 
in water, and has an alkaline reaction. It crystallizes with 
difficulty, and is deliquescent. The bifluate is easily procur- 
ed. by adding to fluoric acid a quanttty of potassa insufficient 
for neutralizing it completely, and concentrating the solution. 
This salt has an acid reaction, is soluble in water, and is re- 
solved by heat into fluoric acid and fluate of potassa. (Ber- 
zelius in the An. de Ch. et de Ph. vol. xxvii.) 

Fluoric acid forms analogous compounds with soda and 
ammonia. 

Fluate of Lime.—This compound, commonly known by the 
name of fluor or Derbyshire spar, is frequently found ac- 
companying metallic ores, especially those of tin and lead. It 
often occurs crystallized either in cubes or some allied forms. 
The crystals found in the lead mines of Derbyshire are: re- 
markable for the largeness of their size, the regularity of their 
form, and the variety and beauty of their colours. It may be 
made artificially by mixing a soluble salt of lime with a solu- 
tion of the fluate of potassa. 

The fluate of lime phosphoresces when heated to redness, 
and at a very high temperature enters into fusion. Accord- 
ing to Dr. Thomson, it is composed of. 10 parts or one 
atom of fluoric acid, and 28 parts or one atom of lime: 

The native fluor spar is employed in forming vases, as a 
flux in metallurgic processes, and in the preparation of fluo- 
rie acid. (i 

‘For an account of the other fliintes I may refer to the essay 
of Berzelius above quoted. 

Fluo-borates.—The compounds of this acid with salifiable 
bases are as yet almost entirely unknown. Dr. Davy ascer- 
tained that it unites with ammoniacal gas in three proportions, 


forming salts, one of which is solid, and the two others liquid. 
shows 4 | 
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SECTION V. 


CARBONATES. 


Tus carbonates are distinguished from other salts by be- 
ing decomposed with effervescence, owing to the escape of 
carbonic acid gas, by nearly all the acids. ‘ 

All the carbonates excepting those of potassa, soda, and li- 
thia, may be deprived of their acid by heat. The carbonates 
of baryta and strontia, and especially the former, require an 
intense white heat for decomposition ; those of lime and mag- 
nesia are reduced to the caustic state by a full red heat; and 
the other carbonates part with their carbonic acid when heat- 
ed to dull redness. 

All the carbonates excepting those of potassa, soda, and 
ammonia, are of sparing solubility in pure water; but all of 
them are more or less soluble in an excess of carbonic acid, 
owing doubtless to the formation of super-salts, 

The former nomenclature of the salts is peculiarly excep- 
tionable as applied to the carbonates. ‘The two well-known 
carbonates of potassa, for example, are distinguished by the 
prepositions sub and. super, as if the one had an alkaline, and 
the other an acid re-action; whereas, in fact, according to 
their action on test paper, they are both sub-salts. I shall 
adopt the nomenclature which has been employed with other 
salts, applying the generic name of carbonate to those salts 
which contain one atom of carbonic acid, and one atom of the 
base,—compounds which may be regarded as neutral in’com- 
position, however they may act on the colouring matter of 
plants. | 

Several of the carbonates occur native, among which may 
be enumerated the carbonates of soda, baryta, strontia, lime, 
magnesia, manganese, protoxide of iron, copper, lead, and the 
double carbonate of lime and magnesia. 

Carbonate of Potassa.—This salt is procured in an impure 
form by burning land plants, lixiviating their ashes, and 
evaporating the solution to‘dryness, a process which’ is per- 
formed ion a large scale in Russia and America. The carbo- 
nate of potassa, thus obtained, is known in commerce by the 
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names of potash and pearlash, and is employed in many of 
the arts, especially in the formation of soap and the manu- 
facture of glass. ‘ When derived from this source it always 
contains other salts, such as the sulphate and muriate of po- 
tassa ; and therefore, for chemical purposes, should be prepar- 
ed from cream of tartar, the bi-tartrate of potassa. On heat- 
ing this salt to redness, the tartaric acid is decomposed, and 
a pure carbonate of potassa mixed with charcoal remains. 
The carbonate is then dissolved in water, and, after filtration, 
is evaporated to dryness in a capsule of platinum or silver. 

Pure carbonate of potassa has a taste strongly alkaline, 
is slightly caustic, and communicates a green to the blue co- 
lour of the violet. It dissolves in less than an equal weight 
of water at 60° F, deliquesces rapidly on-exposure. to the air, 
aud crystallizes with much difficulty from. its solution... In 
pure alcohol it is insoluble. It fuses at a full red heat, but 
undergoes: no other change. According to the analysis of 
Dr. Wollaston, it is composed of 22 parts or one atom of 
carbonic acid, and 48 parts or one atom of potassa. 

The purity of any given specimen of this salt_1s conveni- 
ently ascertained by means of sulphuric acid of specific. gra- 
vity 1.141.. Of this acid, 355 grains neutralize 100 ‘grains 
of pure carbonate of potassa. (Dr. Henry.) 

The bicarbonate of potassa is made by transmitting a cur- 
rent of carbonic acid gas through a solution of the carbonate 
of potassa. By slow evaporation, the bicarbonate is ion 
ed from the liquid in regular prismatic crystals. 

The bicarbonate of potassa, though far milder: than the 
carbonate, is alkaline both to the taste and to test paper. It 
does not deliquesce on exposure. to the air. -It-requires four 
times its weight of water at 60° F. for solution, and is much 
more soluble at 212° F; but it parts with some of. its acid at 
that temperature. At a low red heat it is converted into the 
carbonate. From the analysis of Dr. Wollaston, the crystals 
consist of one atom of potassa, two atoms of acid, and: oné 
atom of water. 

Dr. ‘Thomson, in his ‘ First Principles,’ has desestiiah a 
sesqui-carbonate, which was discovered by Dr. Nimmo of 
Glasgow. Its crystals are composed of one atom of potassa, 
an atom and a-half of carbonic acid, and six atoms of water. 
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\» Carbonate of Soda.—TV he carbonate of soda of commerce 
is obtained by lixiviating the ashes of sea-weeds... The best 
variety is known by the name of barilla, and is derived chiefly 
from the salsola soda and salicornia herbacea... A: very infe- 
rior kind, known by the name of kelp,.is prepared from sea- 
weeds on the northern shores of Scotland. ‘The purest barilla, 
however, though well fitted: for making soap and glass, and 
for other purposes in the arts, always contains the sulphates and 
muriates of potassa and soda, and on this account is of little ser- 
vice to the chemist. A purer carbonate is prepared by heating 
a mixture of sulphate of soda, saw-dust, and lime, in a rever- 
beratory furnace. By the action of the carbonaceous matter, 
the sulphuric acid is decomposed; its sulphur partly uniting 
with lime and partly being dissipated in the form of sulphu- 
rous acid, while the carbonic acid, which is generated during 
the process, unites with soda. .'The carbonate of soda is then 
obtained by lixiviation and crystallization. It is difficult to 
obtain this salt quite free from sulphuric acid. 

The quantity of real carbonate in the soda of commerce 
may be conveniently estimated by its neutralizing power. One 
hundred grains of pure carbonate of soda is neutralized sid 
460 grains of sulphuric acid of density 1.141. 

The carbonate of soda crystallizes in octahedrons withia 
rhombic base, the acute angles of which are generally trun- 
cated. . The crystals effloresce on exposure to the air, and, 
when heated, dissolve in. their water of crystallization. Byia 
continued heat they are rendered anhydrous without loss. of 
carbonic acid.» They dissolve in about two parts of cold,.and 
in rather less: than their weight of boiling water, and the: so- 
lution: has a» strong alkaline taste and reaction. According 
to Dr. Thomson the crystals are composed of 22 parts: or:one 
atom of carbonic acid, 32: parts or one:atom of soda, and 90 
parts:or ten atoms of water. The water of crystallization is 
apt to vary according tothe temperature at which the crys- 

tals are formed. Pay 

Bicarbonate of Soda.—This salt is made by transmitting 
a current of carbonic/acid gas through a solution of the: car- 
bonate, aid is deposited in crystalline grains by evaporation. 
Though still alkaline, it is much milder than the carbonate, 
and far less soluble, requiring about ten times its weight of 
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water at 60° F. for solution. It is decomposed partially at 
212° F. and is converted into the carbonate by a.red heat. 
It is composed, according to Thomson, of two atoms of acid, 
one atom of the base, and one atom of water. | 

Sesqui-carbonate—This compound occurs native on the 
banks of the lakes.of soda in the province of Sukena in Africa, 
whence it is exported under the name of T'rona. It was first 
distinguished from the two other carbonates by Mr. Phillips,* 
whose analysis corresponds with that of Klaproth. It con- 
sists of one atom of soda, an atom and ahalf of acid, and 
two atoms of water. . } 

Carbonate of Ammonia.—The only method. of procuring 
this salt is by mixing dry carbonic acid over mercury, with 
twice its volume of ammoniacal gas. It is a dry white vola- 
tile powder, of an ammoniacal odour, and alkaline reaction. 
From the proportion of its constituents by volume, it is easy 
to infer that it is composed, by weight, of 22 parts or one 
atom of carbonic acid, and 17 parts or one atom of ammo- 
nia. 

Bicarbonate of Ammonia.—This salt was formed by Ber- 
thollet, by transmitting a current of carbonic acid gas through 
a solution of the common carbonate of ammonia of the shops. 
On evaporating the liquid by a gentle heat, the bicarbonate 
is deposited in small six-sided prisms, which have no smell, 
and very little taste. Berthollet ascertained that it contains 
twice as much acid as the carbonate. . 

Sesqui-carbonate of Ammonia.—The common carbonate of 
ammonia of the shops, the swb-carbonas ammonie of the 
pharmacopeeia, is different from both these compounds.» It 
is prepared by heating a mixture of one part of muriate of 
ammonia with one part and a half of the carbonate of lime, 
carefully dried. Double decomposition ensues during the 
process; muriate of lime remains in the retort, and the ses- 
quicarbonate of ammonia is sublimed. The carbonic acid and 
ammonia are, indeed, in proper proportion in the mixture 
for forming the real carbonate; but from the heat employed 
in the sublimation, a part of the ammonia is disengaged in a 
free state. ! | 


* Journal of Seience, vol, vii. 
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The salt thus formed, consists, according to the:analysis 
of Mr. Phillips; Dr. Ure, and. Dr. Thomson, of: $3; parts or 
an atom and a half of carbonic acid, of 17 parts or one atom 
of ammonia, and 9 parts or one atom of water. When re- 
cently prepared it is hard, compact, semi-transparent, of a 
crystalline texture, and pungent ammoniacal odour; but 
if exposed to the air, it loses weight rapidly, and is converted 
into.an opaque brittle mass, which is the bicarbonate. 

‘The carbonate of Baryta occurs abundantly in the lead 
mines of the north of England, where it was discovered by 
Dr. Withering, and has hence received the name of Witherite. 
It may be prepared by way of double decomposition, by mix- 
ing a soluble salt of baryta with any of the alkaline carbo- 
nates or bicarbonates. _ It is exceedingly insoluble in distilled 
water, requiring 4300 times its weight of water at 60°F., 
and 2300 of boiling water for solution; but when recently 
precipitated, it is dissolved much more freely by a solution of 
carbonic acid. It is highly poisonous. 

The carbonate of Strontia, which occurs native at Stron- 
tianin Argyleshire, and is known by the name of Strontianite, 
may be prepared in the same manner as the carbonate of .ba- 
ryta... It is very insoluble in pure water, but is dissolved by 
_ an excess of carbonic acid. ! 

Carbonate of Lime.—This salt is a very abundant salad 
production, and occurs under a great variety of forms, such : 
as common limestone, chalk, marble, and Iceland spar, and in 
regular crystals, . It may also be formed. by precipitation. 
Though sparingly soluble in pure water, it is dissolved by 
carbonic. acid, in, excess,, On this account the spring water 

of limestone districts always contains carbonate of lime, which 
is deposited when the water is boiled. 

Carbonate of Magnesia.—This salt. is easily prepared. by , 
_adding carbonate of potassa in slight excess to a hot solution — 
of sulphate, of magnesia, and edulcorating the precipitated — 
carbonate with; warm water. It requires 2493 parts of cold, 
and 9000 of hot, water for solution. It is so soluble in an ex- 
cess of carbonic acid that the sulphate of magnesia 1s not pre- 
cipitated at all in the cold by the alkaline bicarbonates, or by 
the sesqui-carbonate of ammonia. On allowing a solution of 
the carbonate of magnesia-in carbonic acid to stand in an open 
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vessel, minute crystals are deposited, which consist of 42 parts 
or one atom of the carbonate, and 27 parts or three atoms of 
water. (Dr. Henry and Berzelius.) 

The native carbonate of magnesia, according to the analy- 
sis of Dr. Henry and Stromeyer, is similar in composition to 
the precipitated carbonate. 

Carbonate of Iron.—Carbonic acid does not form a definite 
compound with the peroxide of iron, but with the protoxide 
it constitutes a salt which is an abundant natural production, 
occurring sometimes massive, and at other times crystallized 
in rhomboids or hexagonal prisms. This protocarbonate of 
iron is contained also in most of the chalybeate mineral wa- 
ters, being held in solution by free carbonic acid ; and it may 
be formed by mixing an alkaline carbonate with the protosul- 
phate of iron. When prepared by precipitation it attracts 
oxygen rapidly from the atmosphere, and the protoxide of 
iron, passing into the state of peroxide, parts with carbonic 
acid. For this reason, the carbonate of iron of the pharma- 
copeeia, is of a red colour, and consists chiefly of the peroxide. 

Carbonate of Copper.—T he beautiful green mineral, called 
Malachite, isa carbonate of the peroxide of copper; and a 
similar compound may be formed from the persulphate by 
double decomposition, or by exposing metallic copper to air 
and moisture. According to the analysis of malachite by Mr. 
Phillips, this mineral is composed of 80 parts or one atom of 
the peroxide of copper, one atom of carbonic acid, and one 
atom of water. (Journal of Science, vol. iv.) 

The blue pigment called verditer, said to be prepared by 
eareontpons the nitrate of copper by chalk, is an impure car- 
bonate. * 

Carbonate of Jared: —This salt, which is the white lead. or 
ceruse of painters, occurs native, but may be obtained by dou- 
ble decomposition. It is prepared for the purposes of com- 
merce by exposing coils of thin sheet lead to the vapours of 
vinegar, when, by the united .action of the oxygen of the:at- 
mosphere and the acid fumes, the lead is both oxidized and 
converted into a'carbonate. 


“ 


* On the composition and preparation of this pigment, the reader may con- 
sult the remarks of Mr, Phillips in the essay quoted in the text. 
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SECTION VI. 
SALTS OF THE HYDRACIDS. 


By the expression salts of the hydracids is meant those sa- 
line compounds, the acid of which contains hydrogen as one 
of its elements. ‘These salts, owing to the peculiar constitu- 
tion of their acid, have certain common’ properties, and may 
therefore be described advantageously'in the same ‘section: 
Many of the circumstarces relative to them have already been 
mentioned in sufficient detail, partly in the remarks introduc- 
tory to the study of the metals, (page 336,) and partly in the 
description of the individual metals themselves. I shall, for 
this reason, treat the salts of the hydracids chiefly in'a gene- 
ral manne’, giving a particular description of those compounds 
only, which are possessed of some peculiar interest. 

Most of the salts which are composed of a hydracid 
and a metallic oxide are so constituted, that the oxygen of 
the ‘oxide contains ‘a quantity of’ oxygen precisely suffi- 
cient for forming water with the hydrogen of the acid. ‘This 
is true of all the neutral compounds containing a’ protoxide, 
without exception, and it likewise holds good in many other 
cases. Thus, in the soluble muriate of the peroxide of iron, 
the oxide, which éontains an atom and a half of oxygen, is. 
united with an atom and a half of acid’; and in the soluble 
permurate of copper, the oxide, which contains two atoms 
of oxygen, is united with two atoms of acid. — 

The elements of the salts of the hydraeids, as already men- 
tioned, (page 340,) are very prone to arrange themselves in 
anew order. All these salts are exposed to the action of two 
divellent and three quiescent affinities. In the muriate of 
soda, for example, the forces which tend to prevent a change, 
are the attraction of sodium for oxygen, of chlorine for hy- 
drogen, and of muriatic ‘acid for soda; while the opposite 
affinities are the attraction of chlorine for sodium and ‘of hy- 
drogen for oxygen. The latter always preponderaté when 
heat is employed, because the volatility of water favours: the 
production of that fluid ; and in many instances the affinities, 

2k 
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appear so nicely balanced, that the cohesion of one of the 
compounds is sufficient to influence the result, as is exempli- ~ 
fied by the muriate of soda, which, in the act of erystallizing, 
is converted into the chloride of sodium. 


MURIATES OR HYDROCHLORATES. 


Most of the salts of muriatic acid are soluble in water, and 
some of them exist only in a state of solution. They are dis- 
tinguished from other salts by forming the white insoluble 
Mite» of silver when mixed with the nitrate of that base, 
and by being decomposed with disengagement of muriatic acid 
fumes by strong sulphuric acid. The decomposition of the 
muriates, owing to the volatile nature of their acid, is effect- 
ed by the phosphoric and arsenic acids at the temperature of 
ebullition, 

Muriate of Potassa and Soda.—These salts exist only ina 
state of solution, and are frequently contained in mineral 
springs. The muriate of soda, as already mentioned in the 
section on sodium, is the chief constituent of sea-water. 

Muriate of Ammonia.—This salt, the sal-ammoniac of com- 
merce, was formerly imported from Egypt, where it is pro- 
cured by sublimation from the soot of camel’s dung; but it 
is now manufactured in Europe by several processes. ‘The 
most usual method is to decompose sulphate of ammonia by 
the muriate either of soda, or of magnesia. Double decom- 
position ensues, giving rise in both cases to muriate of ammo- 
nia, and to the sulphate of soda, when the muriate of that base 
is used, or to the sulphate of magnesia when the muriate of 
magnesia is employed, ‘The sal-ammoniac is afterwards: ob- 
tained in a pure state by sublimation. The sulphate of am- 
monia may be conveniently procured for this purpose, either 
by lixiviating the soot of coal, which contains that salt in con- 
siderable quantity ; or by digesting the impure carbonate of 
ammonia, procured by exposing bones and other animal mat- 
ters to a red heat, with gypsum, so as to form an insoluble 
carbonate of lime, and a soluble sulphate of ammonia. 

The muriate of ammonia has a pungent saline taste, and is 
soluble in three parts of water at 60° F., causing a consider- 
able reduction of temperature during the solution. Boiling 
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water dissolves about an equal weight, and the solution de- 
posites crystals in cooling. At a temperature below redness, 
it sublimes without fusing or undergoing any change in com- 
position, and condenses on cool surfaces as an anhydrous salt, : 
which attracts humidity in a moist atmosphere, but if pure is 
not deliquescent, 

When muriatic acid gas is mixed with an equal volume of 
ammonia, both gases disappear entirely, and pure muriate of 
ammonia results. It hence follows that this salt is composed. 
by weight of 37 parts or one atom of muriatic acid, and 17 
parts or one atom of ammonia, 

Muriate of Baryta.—This compound is best formed by 
dissolving the carbonate of baryta, either native or artificial, 
in muriatic acid diluted with three parts of water. It may 
also be formed by the action of muriatic acid on the hydro- 
sulphuret of baryta, (page 356) or by heating sulphate of 
baryta with an equal weight of muriate of lime until fusion 
takes place, and then dissolving the muriate of baryta, which 
is generated, and separating it by means of a filter from the 
sulphate of lime. 

The muriate of baryta crystallizes readily in quadrangular 
tables, when its solution is gently evaporated, The crystals, 
according to Thomson, consist of 115 parts or one atom of 
the muriate of baryta, and 9 parts or one atom of water, 
On heating the crystals to redness, two atoms of water are ex- 
pelled, and 106 parts or one atom of the chloride of barium 
are left, The crystals, therefore, may be regarded as the 
chloride of barium with two atoms of water of crystalliza- 
tion, or as the muriate of baryta with one atom of water. 

The crystallized muriate of baryta is insoluble in pure al- 
cohol. It requires about two and a half times its weight of 
water at 60°F. for solution, and is much more soluble in boils 
ing water. ‘The crystals are permanent in the air. 

This salt is much employed as a re-agent in chemistry. 

The muriate of strontia is made in the same manner as 
the muriate of baryta, from which it is distinguished by form. 
ing prismatic crystals, by its solubility in alcohol, and by im- 
parting a red tint to flame. The crystals consist of one atom 
of the muriate of strontia, and eight atoms of water; and 
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when’ heated to redness, nine atoms of water are expelled; 
and one atom of the chloride of strontium remains. 

The crystallized muriate attracts humidity from a moist at- 
mosphere, but, if pure, it is permanent in \a dry air... The 
crystals are exceedingly soluble in boiling water, and require 
for solution about twice their weight of water at 60°F. 

The muriate of lime is formed by neutralizing: muriatic 
acid with pure marble. ‘This ‘salt is very soluble both in 
water and alcohol, and deliquesces with rapidity even in a 
dry atmosphere. It crystallizes, though with considerable 
difficulty, in prisms, which consist, according to Thomson, of 
one atom of the muriate of lime, and six atoms of water. 
When heated, seven atoms of water are expelled and ; a chlo- 
ride remains. . 

The crystallized muriate is the compound which produces 
such an intense degree of cold when mixed with snow. | It is 
prepared for this purpose by evaporating the solution until a 
drop of it on falling upon a cold saucer becomes solid. 

The muriate of magnesia exists in many mineral springs, 
and is contained abundantly in sea water. When the muri- 
ate of soda is separated from sea-water by crystallization, an 
uncrystallizable liquid, called béttern, is left, which consists 
chiefly of the muriate of magnesia, and is much employed in 
the manufacture of sal-ammoniac for decomposing the sul- 
phate of ammonia. 

Muriate of magnesia has a bile taste, is highly eolubhan in 
alcohol and water, and deliquesces with rapidity in the open 
air. When heated to redness it loses a portion of its acid as 
well as water. 

Muriate of Iron. ie ovis iron is dissolved in dilute muria- 
tic acid, a muriate of the protoxide is generated, which yields 
pale green coloured crystals when the solution is concentrat- 
ed by evaporation.: ‘This salt is much more soluble in- hot 
than in cold water, and is not deliquescent. It absorbs oxy- 
gen with rapidity from the air, forming an insoluble muriate 
of the peroxide. When boiled with a little nitric acid, a so- 
luble muriate of the peroxide is generated, which is of a red 
colours crystallizes with difficulty, deliquesces on exposure to 
the air, and is dissolved by alcohol. It is composed of one 
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atom of the peroxide, and an atom and a half of muriatic 

acid, being a sesqui-muriate. 

’ The black oxide is also dissolved by muriatic acid, form- 

ing a dark coloured solution, which may be regarded as a 

. mixture of) the muriates of the peroxide and pape of 
iron. (Page 383.) | 


HYDRIODATES. 


Hydriodic acid unites with the alkalies and alkaline earths, 
with magnesia, and with the oxides of manganese, zinc, and 
iron. With several of the metallic oxides it does not enter 
into combination. © Thus, on mixing the hydriodate of 
potassa with a salt of mercury or silver, the iodides of 
those metals are deposited. With the acetate of lead a 
yellow compound is thrown down, which is an’ iodide’ of 
lead. 

The most direct method of forming the fiydntoduees of the 
alkalies and alkaline earths, all of which are soluble in water, 
is by neutralizing those bases with hydriodic acid. The hy- 
driodates of iron and zinc may be made by digesting’ small 
fragments of those metals with water in which iodine is sus- 
pended. 

Ali the hydriodates are decomposed by sulphuric and ni- 
tric acids, or by chlorine, the hydriodic acid being deprived 
of hydrogen, and the iodine set at liberty, (page 262.) They 
undergo no change by exposure to the air. 

The only hydriodates which have hitherto been found na- 
tive are those of potassa and soda, the sources of ‘which have 
already been mentioned in the section on iodine. Of these 
salts, the hydriodate of potassa is the most common. 

Hydriodate of Potassa. ‘This salt, which is the only hy. © 
driodate of importance, exists only in solution; for it is con- — 
verted in the act of crystallizing into the iodide of potassium. : 
It is exceedingly soluble in boiling water, and requires only 
two-thirds of its weight of water at 60°F. for solution. It is 
dissolved freely by alcohol ; and when a‘ saturated, hot, alco. 
holic solution is set aside to cool, the iodide of’ potassium is 
deposited in cubic crystals.’ A solution of the hydriodate of 
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potassa is capable of dissolvinga large quantity of iodine, a 
property which is common to all the hydriodates. 

The hydriodate of potassa is easily made by neutralizing 
hydriodic acid with pure potassa; but in preparing a consi- 
derable quantity of the salt, as for medical use, it is desirable 
to dispense with the preliminary step of making the acid. 
With this intention the following method, which I have de- 
scribed in the Edinburgh Medical and Surgical Journal for 
July 1825, may be employed with advantage. ‘The process 
consists in adding toa hot solution of pure potassa as much io- 
dine as it is capable of dissolving, by which means a deep 
brownish-red coloured fluid is formed, consisting of the iodate 
and hydriodate of potassa, together with a large excess of free 
‘jodine. Through this solution a current’ of sulphuretted hy- 
drogen gas is transmitted until the free iodine and iodic acid 
are converted into hydriodic acid, changes which may be 
known to be accomplished by the liquid becoming quite limpid 
arid colourless. The solutionis then’ gently heated in order 
to expel any excess of sulphuretted hydrogen, and after be- 
ing filtered, the pure hydriodic acid is exactly neutralized by 
pure potassa. 


HYDROSULPHURETS OR HYDROSULPHATES., | 


Sulphuretted hydrogen forms soluble salts with the alka- 
lies, alkaline earths, and magnesia, most of which are capable 
of crystallizing. With the alkalies, indeed, if not with other 
bases, this acid unites in two proportions, forming a hydrosul- 
phate and a bi-hydrosulphate. It may be doubted if sulphu- 
retted hydrogen is capable of uniting with any of the oxides 
of the common metals; for when their. salts are mixed with 
the hydrosulphate of potassa, a precipitate takes place, which - 
in most, if not in all cases, is. the sulphuret of a metal, and 
not the hydrosulphate of its oxide. Thus, by the action, of 
the hhydrosulphate of potassa on the nitrate of lead, copper, 
bismuth, silver, or mercury, a nitrate of potassa is formed, 
water is generated, and a metallic sulphuret subsides. The 
precipitates occasioned by hydrosulphate of potassa in a. salt 
of iron, zinc, and manganese, may also be regarded as sul- 
phurets; for though sulphuric acid decomposes these com- 
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pounds with evolution of sulphuretted hydrogen, it does not 
follow that that acid’ had previously existed in them. 

© As sulphuretted hydrogen is a “weak acid, and is naturally 
gaseous, its salts are decomposed’ by most other acids, such 
as the sulphuric, muriatic, and acetic acids, with disengage- 
ment of sulphuretted hydrogen gas, a character by which all 
the hydrosulphates are easily recognised. They are decom- 
posed, likewise, by chlorine and iodine, with separation of 
sulphur, and: formation of a muriate ov hydriodate. © When 
recently prepared, they form solutions which are colourless, 
ornearly so; but on ‘exposure to the air, oxygen gas is ab- 
sorbed,.a portion of its acid is deprived of its hydrogen, and 
a sulphuretted: hydrosulphate of a yellow’ colour is generated.’ _ 
By continued exposure, the whole of the sulphuretted hydro’ ” 
gen is decomposed, water and hypo-sulphurous acid being pro- 
duced. 

. The hydrosulphates of baryta and strontia, prepared by 
disbobrice the sulphurets of ‘barium and strontium in water, 
are tin esitives used’ in preparing the salts of those bases. 
The hydrosulphates of potassa and ammonia are ee a as 
re-agents. 

Hydrosulphate of Potassa.—This salt is made by transmit- 
- ting acurrent of sulphuretted hydrogen: gasinto’a solution of 
pure potassa, contained in a Woulfe’s apparatus, and continu~ 
ing the operation’as long as the gas is absorbed. When all the 
alkali is combined with sulphuretted hydrogen, it is no longer 
able to precipitate a'salt of magnesia. If the alkali is com- 
pletely saturated with the gas, the resulting compound, 
though it has still an alkaline reaction,.is a bisulphate,: ‘This 
salt has an alkaline bitter taste, and crystallizes in six-sided. 
prisms, which are deliquescent and ‘soluble in alcohol as well 
as water, 

_ Hydrosulphate. of sherman —This ook is’ siesilesh in ‘the . 
same manner as the preceding compound. It may be pro- 
cured in white acicular crystals by mixing together sulphu~ 
retted hydrogen and ammoniacal gases in a dry vessel. As the 
crystals are very volatile, the vessel in. which a eee : 
is effected should be kept cool by ice. - : 

, Hydroseleniates—T hese salts) have been little exatotillal 

owing to the scarcity of selenium. ‘The researches of Berze- 
lius have demonstrated; however, that hydroselenic acid forms 
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with the alkalies soluble compounds, which are very analogous 
in their chemical relations.to the hydresulphates, and which 
precipitate the salts of the common metals, giving rise in 
most, if not in all cases, to the formation of a metallic sele- 


niuret. 
HYDROCYANATES. 


“The hydrocyanic acid unites with alkalies and alkaline 
earths, and probably with several other bases; but these 
compounds have as yet been studied ina very imperfect man- 
ner. ‘The hydrocyanate of potassa is the best known. It is 
generated by the decomposition of water when the cyanuret. 
of potassium is put into the fluid, and may be made directly 
by mixing hydrocyanic acid with a solution of potassa. M. 
Robiquet recommends that it should be prepared by expos- 
ing the ferrocyanate of potassa to a long-continued red heat, 
by which means the ferrocyanic acid is decomposed, and a 
dark mass, consisting of the cyanuret of potassium, mixed 
with charcoal and. iron, remains in the crucible. This pro- 
cess succeeds well if carefully performed ; but it is difficult to 
destroy the whole of the ferrocyanic acid, without decom- 
‘posing at the same time the cyanuret of potassium. If the 
decomposition of the ferrocyanate is complete, the residue 
should form a colourless solution, which does not produce 
Prussian blue with a salt of the peroxide of iron, 

The hydrocyanate of potassa appears to exist only in solu- 
tion; for when evaporated to dryness, it is converted into the 
cyanuret of potassium, a compound which is far less liable to 
spontaneous decomposition than hydrocyanic acid, and is ca- 
pable of supporting a very high temperature in close vessels 
without change. It is ddiinophentl and highly soluble in water, 
The solution gives a green colour to violets, and has an alka- 
line taste, accompanied with the flavour and a faint odour of 
hydrocyanic acid. It is decomposed by nearly all the acids, 
even by the carbonic, and on this account should be preserved 
in well-closed vessels.. It acts upon the animal system in the 
same manner as hydrocyanic acid, and MM. Robiquet and 
Villermé. have proposed. its employment in medical practice, 
as being more uniform in strength, and less prone to decom- 
position thanhydrocyanic acid. (Jour. de Physiologie, vol. 111.) 
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FERROCYANATES. 


- The neutral. ferrocyanates, so far as is known, appear to 
be formed in the same manner as the salts of the hydracids 
in general; namely, the hydrogen of the acid is in exact pro- 
portion for forming water with the oxygen of the salifiable 
base with which it is united. Thus, the ferrocyanate of po- 
tassa is composed of one atom of ferrocyanic acid, which con- 
tains two atoms of hydrogen, (page 315,) and two atoms of 
potassa. With the alkalies and alkaline earths this acid forms 
soluble compounds ; but it precipitates nearly all the salts of 
the common metals, giving rise either to the ferrocyanate of, 
an oxide or the ferrocyanuret of a metal. 

Ferrocyanate of Potassa.—This salt, sometimes called triple 
prussiate of potash, is prepared by digesting pure ferrocyanate 
of the peroxide of iron in potassa until the alkali isneutralized, 
by which means the peroxide of iron is set free, and a yellow 
liquid is formed, which yields crystals of the ferrocyanate of 
potassa by evaporation. This salt is made ona large scale in’ 
the arts by igniting dried blood or other animal matters, such 
as hoofs and horns, with potash and iron.. By the mutual 
reaction of these substances at a high temperature, the ferro- 
cyanuret of potassium, consisting of one atom of the radical 
of ferrocyanic acid, (page 315,) and two atoms of potassium, 
is generated. Such at least is inferred to be the product ; 
for on digesting the residue in water, a solution of the ferro- 
cyanate of potassa is obtained. 

The ferrocyanate of potassa 1s a, perfectly neutral. salt, 
which is soluble in less than its own weight of water, and 
forms large transparent, lamellated, crystals of a lemon-yellow 
colour. It is inodorous, has a. slightly bitter taste, but 
quite different from that of hydrocyanic acid, and is perma-. 
nent in the air. When heated to 212° F. or even below that, 
temperature, each atom of the salt parts with two atoms of, 
water, leaving one atom of the ferrocyanuret of potassium. 
The water, indeed, is disengaged with such facility, that Ber- 
-zelius regards the crystals as consisting of the ferrocyanuret, 
of potassium combined with two atoms of water of crystalliz-. 
ation. (An. de Ch. et de Ph. vol. xv.) On heating the dry 
compound to full redness in close vessels, decomposition takes 
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place, nitrogen gas is disengaged, and cyanuret of potassium 
mixed with carburet of iron remains in the retort. 

The ferrocyauate of potassa is employed in the prepara- 
tion of several compounds of cyanogen, and as a re-agent for 
detecting the presence of iron and other substances. 

The ferrocyanate of baryta is prepared by digesting puri- 
fied Prussian blue with a solution of pure baryta.’ It is sos 
luble in water, and forms yellow crystals by evaporation. It 
is used in the formation of ferrocyanic acid. 

When the ferrocyanate of potassa is mixed in solution with 
a salt of lead, a white precipitate subsides, which Berzelius 
has proved to be similar in composition to the ferrocyanuret of 
potassium, consisting of one atom of the radical of ferrocya- 
nic acid, and two atoms of lead. With salts of mercury and 
silver, analogous compounds, likewise of a white colour, are 
generated. With a per-salt of copper, the ferrocyanate of 
potassa causes a brownish-red precipitate which appears to be 
the ferrocyanate of the peroxide of copper. 

The ferrocyanate of the peroxide of iron, which is formed 
by mixing the ferrocyanate of potassa with a per-salt of iron 
in slight excess, and washing the precipitate with water, is 
characterized by an intensely deep blue colour, and is: the 

‘basis of the beautiful pigment called Prussian blue. It is 
insipid and inodorous, insoluble in water, and is not decom- 
posed by dilute muriatic or sulphuric acids. Concentrated 
muriatic acid, by the aid of heat, separates the acid, and 
strong sulphuric acid renders it white—a change, the nature 
of which has not been explained. The alkalies and alkaline 
earths decompose it readily, uniting with the ferrocyanic 
acid and separating the peroxide of iron. ‘The peroxide of 
mercury, as already mentioned, (page 437) effects the com- 
plete decomposition of the salt, forming the cyanuret of mer- 
cury. Very complicated changes are produced by an elevated 
temperature. On heating the ferrocyanate to redness in a 
close vessel, a’ considerable quantity of water and carbonate 
of ammonia, together with a small portion of hydrocyanate of 
ammonia, are generated; while a carburet of iron remains in 
the retort—phenomena which, in conjunction with the facts 
above stated, leave no doubt of this compound containing 
ferrocyanic acid and’ the peroxide of iron, The precise pro- 
portion of its constituents has not been satisfactorily deter- 
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mined:;, but it most probably consists of one atom of the per 
oxide, and an atom and a half of the acid. 

Prussian blue, the discovery of which was made:in 1710, 
has been. studied by several. chemists, especially by Proust, 
(An. de Ch. tome LX.) and by Berzelius, Porrett, and: Robi- 
quet, to whose essays I referred: while. describing the ferrocy- 
anic acid. ‘The colouring matter of this pigment is ferrocy« 
anate of the peroxide of. iron, which’ is mixed: with alumina 
and peroxide of iron, together with the. sub-sulphates of one 
or both of those bases. It is prepared by heating to redness 
. dried blood, or other animal matters, with an equal weight of 
pearlash, until the mixture has acquired. a pasty consistence. 
The residue, which consists chiefly of cyanuret of potassium 
and carbonate of potassa, is dissolved in water, and: after 
being filtered, is mixed with a solutionof two parts of alum 
and one part of the protosulphate of iron. A dirty greenish 
precipitate ensues, which absorbs oxygen from the atmos- 
phere, and passes through different shades of green and ‘blue, 
until at length it acquires the proper colour of the pigment: 

The chemical changes which take place in this process are 
of a complicated nature. ‘The precipitate, which is»at: first 
thrown down, is occasioned by the potash, and consists chiefly 
of alumina and the protoxide of iron. . The ferrocyanic-acid 
is generated by the protoxide: reacting upon some of the hy. 
drocyanic acid, so as to form water and cyanuret of iron, 
which then unites with undecomposed hydrocyanic acid. The 
ferrocyanic acid, thus produced, combines with oxide. of 
iron; and when the latter has. attained its maximum of oxi- 
dation, the compound acquires, its characteristic blue. tint. 
Dr. Thomson,. knowing the. protoxide to be necessary to. the 
success of the operation, concludes that this oxide-enters,into 
the composition of the Prussian blue; but here this acute 
chemist is certainly inerror. .The only use of) the protoxide 
of iron. is to convert the hydrocyanic into ferrocyanic: acid; 
a purpose for which its presence is essential, because the per- 
oxide of iron does not produce this, effect, or at least;in a 
very slow and imperfect manner. In every good, specimen.of 
Prussian blue which J have examined, the ferrocyanic acid 
was in combination with the peroxide of iron only... | 

- Sulphocyanates.—The salts of sulphocyanic acid have been 
chie'y studied by Mr. Porrett and Berzelius. The sulpho- 
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cyanate of potassa, which is the most interesting and the best 
known of these compounds, is prepared by heating the ferro- 
cyanate of potassa with sulphur, a process first proposed by 
Grotthus, and since modified by M. Vogel and myself. The 
most convenient method of performing it, is to mix the ferro- 
cyanate, in fine powder, with an equal weight of sulphur, and 
to place the mixture, contained in a porcelain capsule, just 
above a pan of burning charcoal, so that it may be exposed 
to a very strong heat, but short of redness. The mixture is 
speedily fused, takes fire, and burns briskly for one or two 
minutes, during which it should be well stirred.. The com- 
bustion then ceases spontaneously, and the dark-coloured re- 
sidue, consisting of unburned sulphur, sulphocyanuret of po- 
tassium, and sulphuret of iron, on being dissolved in water 
and filtered, yields a very pure and neutral sulphocyanate of 
potassa. ‘To insure the decomposition of all the ferrocyanate 
of potassa, the mass may be allowed to remain in a fused con- 
dition for a few minutes after the combustion has ceased, pre- 
vious to withdrawing it from the fire. 

In this process the iron and cyanogen of the ferrocyanate 
combine with separate portions of sulphur, forming a sul- 
phate’of i iron and a sulphate. of cyanogen, the latter of which 
unites with potassium. . On the addition of water, a portion 
of that’ liquid is decomposed, and the sulphocyanate of po- 
tassa is generated. 

The sulphocyanate of potassa, (and most of the salts of 
this group have probably a similar constitution,) contains one 
atom of the acid, and one atom of the oxide; so that the oxy- 
gen and hydrogen are in due proportion for combining. 
This salt, indeed, exists only in a liquid state; for the crys- 
tals which are deposited from a concentrated solution, when 
separated from the adhering moisture by bibulous paper, do 
not contain either water or its elements, but are a pure sul- 
phocyanuret of potassium. ‘The crystals are very deliques- 
cent on exposure to the air, and dissolve freely in water, yield- 
ing a solution which is quite neutral. In form, taste, and 
fusibility, they are very analogous to nitre. 

The sulphocyanate of potassa is employed in preparing 
the sulphocyanic acid, and as a test for detecting the presence 
of the peroxide of iron. 


PART III 


ON ORGANIC CHEMISTRY. 


T'ur department of organic chemistry comprehends the 
history of those compounds which are solely of animal or ve- 
getable origin, and which are hence called organic substances. 
These bodies, viewed collectively, form a remarkable contrast 
with those of the mineral kingdom. Such substances in 
general are characterized by containing some principle pecu- 
liar to.each. Thus the presence of nitrogen in the nitric, and 
of sulphur in the sulphuric acid, establishes a wide distinction 
between these substances; and although in many instances 
two or more inorganic bodies consist of the same elements, 
as is exemplified by the compounds of sulphur and oxygen, 
or of nitrogen and oxygen, they are always few in number, 
and are distinguished by a well-marked difference in the pro- 
portion in which they are united. The products of animal 
and vegetable. life, on the contrary, consist essentially of the 
same elementary principles, the number of, which is very li- 
mited. They are nearly all composed of carbon, hydrogen, 
and oxygen, in addition to which some of them contain nitro- 
gen. Besides these, portions of phosphorus, sulphur, iron, 
silica, potassa, lime, and other substances of a like nature 
may sometimes be detected ; but their quantity is exceeding- 
ly minute when compared. with the principles above men- 
tioned. . In point of composition, therefore, most organic sub- 
stances differ only in the proportion of their constituents, 
and on this account may not unfrequently be converted into 
one another. . 

The constitution of organic bodies is subject to the general 
laws of chemical union ; but chemists are not agreed as to 
the mode in which they conceive the elements to be combin- 
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ed. Berzelius, for instance, is of opinion that the elements 
of organic substances do not form binary compounds in 
the same manner as the constituents of inorganic bodies, 
(page 461) but are united indiscriminately with one another. 
Thus alcohol, which consists of three atoms of hydrogen, 
one atom of oxygen, and two atoms of carbon, is supposed by 
that chemist to consist of all these six atoms, combined di- 
rectly with each other, the oxygen belonging as much to the 
carbon as to the hydrogen. (Annals of Philosophy, vol. iv.) 
This opinion, however, is not universally adopted. Gay- 
Lussac, for instance, regards alcohol as a compound of ole- 
fiant gas and water, a view which is not only justified by the 
number of atoms contained in that compound, but which, as 
I conceive, harmonizes with the constitution of other bodies 
better than that of Berzelius, It may therefore be admitted 
as probable, that the elements of organic substances are ar- 
ranged in a similar manner, 

Organic substances, owing to the energetic affinities with 
which their elements are endowed, are very prone to sponta- 
neous decomposition. The prevailing tendency of ‘carbon 
and hydrogen is to appropriate to themselves so much oxy- 
gen as shall convert them into carbonic acid and water; and 
hence, in whatever manner these three elements may be-mu- 
tually combined in a vegetable substance, they are always 
disposed to resolve themselves into the compounds just men- 
tioned. If at the time this change occurs there is an insuf- 
ficient supply of oxygen to oxidize the hydrogen and carbon 
completely, then in addition to carbonic acid and water, car- 
bonic oxide and carburetted hydrogen gases will probably be 
generated. One or both of these combustible products must 
in every case be formed, except when oxygen is freely sup- 
plied from extraneous sources ; because organic bodies are so 
constituted that their oxygen is never in sufficient quantity 
for converting the carbon into carbonic acid, and the hydro- 
gen into water. 

If substances composed of oxygen, hydrogen, and carbon, 
are liable to spontaneous decomposition, that tendency be- 
comes much stronger when, in addition to these elements, 
nitrogen is annexed. Other and powerful affinities are then 
superadded to those above enumerated, and especially that of 
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hydrogen for nitrogen. A body which contains these prin- ' 
ciples is peculiarly liable to change; and the usual products 
are water, carbonic acid, and ammonia, the two latter, ha- 
ving a strong attraction for each other, being always in 
combination, 

Another circumstance which is charasteristic of organic 
products is the impracticability of forming them artificially 
by direct. union of their elements, ‘Thus no chemist has 
hitherto succeeded in causing oxygen, hydrogen, and carbon 
to unite so as to form gum or sugar. When these. principles 
are made to. combine by chemical means, they always give 
rise to the production of water and carbonic acid. net 

Animal and vegetable substances are all decomposed by ¢ a 
red heat, and nearly all are partially affected by a tempera- 
ture far below ignition, When heated in the open air, or 
with substances which yield oxygen freely, they burn, and 
‘are converted into water and carbonie acid; but if exposed 
to heat in vessels from which the atmospheric air is excluded, 
very complicated products ensue. A compound, consisting 
of carbon, hydrogen, and oxygen, yields water, carbonic acid, 
carbonic oxide, carburetted hydrogen of various kinds, and 
probably. pure hydrogen. Besides these products, some 
acetic acid is commonly generated, together with a volatile . 
oil which has a dark colour and burnt odour, and is hence 
called empyreumatic oil. An azotized substance, in addition 
to these, yields ammonia, cyanogen, and perhaps free ni- 
trogen. 

From the foregoing remarks} it appears that organic pro- 
ducts are characterized by the following circumstances :—1st, 
by being composed of the same elements; 2d, by the facility 
with which they undergo spontaneous decomposition; 3d, by 
the impracticability of forming them by direct union of their 
principles;, 4th, by being decomposed at a red heat, 
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VEGETABLE CHEMISTRY. 


All bodies which are of vegetable origin are termed vege- 
table substances. They are nearly all composed of oxygen, 
hydrogen, and carbon, and in a few of them nitrogen is like- 
wise present. Every distinct compound which exists’ ready 
formed in plants, is called a proximate or immediate principle 
of vegetables. ‘Thus sugar, starch, and gum, are proximate 
principles.» Opium, though obtained from a plant, is nota 
proximate. principle; but it consists of several proximate 
principles mixed more ‘or less intimately with‘one another.‘ 

The proximate principles of vegetables are sometimes dis- 
tributed over the whole plant, while at others they are confin 
ed to a particular part of it. The methods by which they 
are procured are very variable. Thus, gum/exudes sponta- 
neously, and the saccharine juice of the maple tree is obtain- 
ed by incisions made in the bark. In some cases a particu- 
lar principle is mixed with such a variety of others, that a dis- 
tinct process is required for its separation. Of such processes 
consists the proximate analysis of vegetables. Sometimes a 
substance is separated by mechanical means, as in the prepar- 

ation of starch, On other occasions, advantage is taken of, 
the volatility of a compound, or of its solubility in some par- 

ticular menstruum. Whatever method is employed, it should 

be of such a nature as to occasion no change in the composi- 

tion of the body to be prepared. 

The reduction of the proximate principles into their’ sim- 
plest parts, constitutes their wtimate analysis. By this means 
chemists ascertain the quantity of oxygen, carbon, and hydro- 
gen, present in any compound. ‘The former method of ‘per- 
forming this operation was by what is termed destructive dis- 
tillation ; thatis, by exposing the compounds to a red heat in 
close vessels, and collecting all the products. So many different 
substances, however, are procured in this way, such as water, 
carbonic acid, carbonic oxide, carburetted hydrogen, and the 
like, that it is almost impossible to arrive at a satisfactory con- 
clusion. A more simple and effectual method was proposed 


~~ by Gay-Lussac and Thenard in the second volume of their 


celebrated Recherches Physico-Chimiques. The object of 
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their process; which is applicable to the ultimate analysis of 
animal, as well as of vegetable substances, is to convert the 
whole of the carbon into carbonic acid, and the hydrogen in: 
to water, by means of some compound which contains oxy- 
gen in so loose a state of combination; as to.give it up to these 
elements at a red heat. 

The agent first employed by these chemists was the chlo- 
rate of potassa. This substance, however, is liable to the ob-. 
jection that it not only gives oxygen to the substance to be 
analyzed; but is itself decomposed by heat. On this account 
itis now very rarely employed in ultimate analysis, the per 
oxide of copper, likewise proposed by Gay-Lussac and The- 
nard, having been substituted for it. This oxide, if aloney 
may he heated. to whiteness without parting with oxygen ; 
whereas it yields oxygen readily to any combustible sub- 
stance with which it is ignited... It is easy, therefore, by 
weighing it before and after, the analysis, to discover the pre- 
cise quantity. of oxygen which has entered into union with 
the, carbon and hydrogen contained in the substance submit- 
ted te examination. 

.The ultimate analysis of organic bodies is one of the most 
delicate operations with which the analytical chemist canbe 
engaged. The chief cause of uncertainty in the process arises 
from the. presence of moisture, which is retained by some ani- 
mal and vegetable substances, with such force that it can be 
expelled only bya temperature, which endangers the de- 
composition of the compound. itself. .The best mode of 
drying organic matters for the purpose, is by confining them 
with sulphuric acid under the exhausted. receiver of an air- 
pump, and exposing them at the same time to.a temperature 
of 212°. F.—a method adopted by Berzelius, and for which a 
neat apparatus has been described by Dr. Prout. (Annals of 
Philosophy; vol. vi..p. 272.),.. Another source of difficulty is 
occasioned by atmospheric air within the apparatus, ow- 
ing to the presence of which nitrogen may be detected in 
the products, without having been contained in the substance 
analyzed. ) . 

But, though the wisimate analysis of organic substances. is 
difficult, in practice, in theory it is exceedingly simple., It 
consists in mixing three or four grains of the body to be ana- 

21 
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lyzed with about 200 grains of the peroxide of copper, heat- 
ing the mixture to redness in a glass tube, and collecting the: 
gaseous products in a graduated glass jar over mercury. From 
the quantity of carbonic acid procured by measure, its weight 
may readily be inferred; (page 204;) and from this, the 
quantity of carbonaceous matter is calculated, by recollecting: 
that every 22 grains.of the acid: contain 16 of oxygen and 6 
of carbon. 

In order to ascertain the quantity of hydrogen, the gase-. 
ous products are transmitted through a tube filled with frag- 
ments of the fused chloride of calcium, which absorbs all the 
watery vapour, and by its increase in weight imdicates the 
precise quantity of that fluid generated. Every nine grains 
of water thus collected correspond to one grain of ae 
and eight of oxygen. 

If the quantity of oxygen contained in the carbonic acid 
and water corresponds precisely to that lost by the oxide of 
copper, it follows that the organic substance itself was free 
from oxygen. But if, on the other hand, more oxygen ex- 
ists in the products than was lost by the copper, it is obvious 
that the difference indicates the amount of oxygen contained 
in the subject of analysis. | 

If nitrogen enters into the constitution of the organic sub- 
stance, it will pass over in the gaseous state, mixed with ear- 
bonic acid. Its quantity may be ascertained by removing the 
carbonic acid by means of a solution of pure potassa. 

It need scarcely be observed, that if the analysis has been 
successfully performed, the weight of the different products, 
added together, should make up the exact nba of the or- 
ganic substance employed. 

In analyzing an animal or vegetable fluid, the foregoing 
process will require a slight giGaitfeation If the fluid is ofa 
fixed nature, it may ‘be made into a paste with the oxide of 
copper, and heated in the usual manner. But if ‘it is vola- 
tile, a given weight of its vapour is conducted over the per- 
oxide of copper heated to redness in a glass tube. - 

The constitution of vegetable substances is not yet suffi- 
ciently known to admit of their being classified in a purely 
seientific order. The chief data hitherto furnished towards 
forming ‘a systematic arrangement, are derived from a remark- 
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able agreement between the composition and general proper- 
ties of several vegetable compounds, first noticed by Gay-~ 
Lussac and Thénard. (Recherches, vol. ii.) From the ulti- 
mate analysis of a considerable variety of proximate princi- 
ples, these chemists draw the three following conclusions :— 
Ist, A vegetable substance is always acid, when it contains 
more than a sufficient quantity of oxygen for converting all 
its hydrogen into water; 2dly, It is always. resinous, oily, 
or alcoholic, &c. when it contains less than a sufficient quan- 
tity of oxygen for combining with the hydrogen; and, 3dly; 
it is neither acid nor resinous, but in a state analogous to 
sugar, gum, ‘starch, or the woody fibre, when the oxygen and 
hydrogen, which it contains, are in the exact proportion for 
forming water. These laws, indeed, can hardly be regarded 
as rigidly. exact, nor do they include the vegetable products 
containing nitrogen ; but.as chemists are possessed of no bet- 
ter principle of ‘classification, I shall follow M. Thénard in 
makingxthem, to a certain extent, the basis of my arrangement. 
I shall accordingly arrange the proximate principles of plants 
in five divisions. The first includes the vegetable acids; the 
second the vegetable alkalies; the third comprises those sub- 
stances which contain an excess of hydrogen; the fourth in- 
cludes those, the oxygen and hydrogen of which are in pro- 
portion for forming water ; and the fifth comprehends those 
bodies which, so San as is known, do. not belong to either of 
' the other vaigning 


‘SECTION I. 


VEGETABLE ACIDS. S9 an 

THosE compounds are regarded as vegetable acids which 
possess the properties of an acid, and are derived: from. the 
vegetable kingdom. These acids, like all organic principles, 
are decomposed by a red heat. They are in general. less lia- 
ble to. spontaneous decomposition than other vegetable sub- 
stances ; a circumstance which probably arises from the large: 
proportion of oxygen which they contain. They are nearly 
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all decomposed. by concentrated hot nitric acid, by which ~ 
are converted into carbonic acid and water. | 


ACETIC ACID. 


The acetic acid exists ready formed in the sap of many 
plants, either free or combined with lime or potassa; it is ge- 
nerated during the destructive distillation of vegetable mat- 
ter, and is an abundant product of the acetous fermentation. 

Common vinegar, the acidifying principle of which is the 
acetic acid, is commonly prepared in this country by fermen- 
tation from an infusion of malt, and im France from the same 
process taking place in weak wine. Vinegar, thus obtained, 
. Is a very impure acetic acid, containing the saccharine, mu- 
cilaginous, and other matters existing in the fluid from which 
it’ is prepared. It is separated from these impurities by 
distillation. Distilled vinegar was formerly called acetous 
acid, on the supposition of its differing chemically from the 
strong acetic acid; but it is now admitted that distilled vine- 
gar 1s real acetic acid merely diluted with water, and com- 
monly containing a small portion of empyreumatie oil, formed. 
during the distillation, from which it receives a peculiar fla- 
vour. It may: be rendered stronger by exposure to cold, 
when a considerable part of the water is frozen, while the 
acid remains liquid. ~ 

The distilled vinegar, which is now snigenetally enidiiad for 
chemical purposes, is prepared by the distillation of wood, and: 
is sold under the name of pyroligneous acid. When first made 
it is very impure, and of a dark colour, holding in solution tar 
and volatile oil; but it may be purified by filtration through 
animal charcoal. The method employed for purifying it at 
Glasgow, where it is made in large quantity, has not to my 
knowledge been made public. 

Concentrated acetic acid is best obtained by decomposing 
the acetates either by sulphuric acid, or in some instances by 
heat. A convenient process is to distil acetate of potassa 
with half its weight of concentrated sulphuric acid, the reci- 
pient being kept cool by the application of ice. The acid is at 
first contaminated with sulphurous acid, but by mixing it with 
a little peroxide of manganese, and re-distilling, it isrendered 
quite pure. » A strong acid may. likewise be procured from. 
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the bin-acetate of copper by the sole action of heat. The 
acid when first collected has a greenish tint, owing to the 
presence of copper, from which it.is freed by a second distil- 
lation. “ The density of the product varies from 1.056 to 1.08, 
the lightest acid being procured towards the end of the pro- 
cess. MM. Derosnes, indeed, have remarked that the li- 
quid which passes over towards the end of the process is light- 
er than water, and contains very little acetic acid. On neu- 
tralizing the latter with pure solid potassa, and distilling by a 
gentle heat, they procured an ethereal fluid, to which they 
applied the term of pyro-acetic ether. 

Strong acetic acid is exceedingly pungent, and even raises a 
blister when kept for some time in contact with the skin. It 
has a very sour taste and’ an agreeable refreshing odour. — Its 
acidity is well marked, as it reddens litmus paper powerfully, 
and forms neutral salts with the alkalies. It is exceedingly 
volatile, rising rapidly in vapour at a moderate. temperature 
without undergoing any change. Its vapour is inflamma- 
ble, and burns with a white light. In its most concentrated 
form it is an atomic compound of-one' atom of water, and one 
atom of acid, and in this state it crystallizes when exposed to 
a low ‘temperature, retaining its solidity until the thermometer 
rises'to 50°F. It is decomposed ‘by being passed through 
red-hot ‘tubes; but owing to its volatility, a large quantity 
of it escapes decomposition. 

‘The atomic weight of acetic acid, as deduced by Dr. Thom- 
son from his analysis of the acetates of soda and lead, is 50; 
and by comparing this number with the analysis of Berzelius, 
the acid itself is inferred to consist of 


Carbon, wo...) 24 or 4 atoms 
osOxygen, 9. 2408 atoms 
'. Hydrogen, . . . . 2 2 atoms. 
50 
The only correct mode of estimating the strength of acetic 

acid is by its neutralizing power. Its specific gravity is no 
‘criterion, as will appear from the penile tables (Thomson’ s 
First Principles, vol. ii. p. 135.) vik cascade 


520 VEGETABLE ACIDS. 


Table exhibiting the nr of acetic acid of different 
strengths. 


Acid. Water. sp. gr. at 60° F, 
1 atom + 1 atom ; ave . 1.06296 
1 mani pei : 1.07060 
1 + 3 > A 1.97080 
I + 4 . i 1.07132 
J + § 1.06820 
I + 6 ° 1.06708 
I alls ° oie ? 1.06349 
1 i. . ‘ : 1.05974 
1 +9 . : 1.05794 
1 + 10 . : 1.05439. 


The acetic is distinguished from all other acids by its fla- 
vour, odour, and volatility. Its salts, which are called acetates, 
are all soluble in hot and most of them in cold water, are 
destroyed by a high temperature, and are decomposed by 
sulphuric acid. 

Acetate of potassa,—This salt is made by neutralizing car- 
bonate of potassa with acetic acid, or by decomposing acetate 
of lime with sulphate of potassa. When cautiously evaporat- 
ed it forms irregular crystals, which are obtained with diffi- 
- culty owing to the deliquescent property of the salt. Accord- 
ing to Dr. Thomson, the crystals are composed of one atom 
of the neutral acetate of potassa, and two atoms of water, 
It.is commonly prepared. for pharmaceutic purposes by eva- 
porating the solution to dryness, and heating the residue so 
as to cause the igneous fusion. Oncooling it becomes a white 
crystalline foliated mass, which is generally alkaline. 

This salt is highly soluble in water, and requires twice its 
weight of boiling alcohol for solution. 

Dr. Thomson procured a bin-acetate by mixing acetic acid 
and carbonate of potassa in the proportion of two atoms of 
the former to one atom of the latter. On confining the solu- 
tion along with sulphuric acid under the exhausted receiver 
of an air-pump, the bin-acetate was deposited in large trans- 
parent flat plates.. [he crystals contain six atoms of wa- 
ter, and deliquesce rapidly on exposure to the air. 

The acetate of soda is prepared in large quantity by manu- 
facturers of the pyroligneous acid by neutralizing the impure 
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acid with chalk, and then decomposing the acetate: of lime by 
sulphate of soda... It crystallizes readily by gentle evapora- 
tion, and its crystals, which are not deliquescent, are compos- 
ed of 50 partsor one atom of acetic acid, $2 parts or one atom 
of soda, and 73 parts or six atoms of water. (Berzelius and 
Thomson.) | When heated to 550° F., it is deprived of its 
water, and undergoes the igneous fusion without parting with 
any of its acid. . At 600 F*. decomposition takes place. 

Lhe acetate of soda is much employed for the a ciate 
of concentrated acetic acid. | 

The acetate of ammonia is made on neutralizing the com- 
mon carbonate of ammonia with acetic acid. It crystallizes 
with difficulty in consequence of being deliquescent and highly } 
soluble... It has been long used in medicine as a febrifuge - 
under the name of spirit of Mindererus. ¢ 

The acetates of baryta, strontia and lime, are of little im-= 
portance. . ‘The former is occasionally employed asa re-agent. 
The latter crystallizes in very slender acicular crystals of a 
silky lustre, and is chiefly employed in the preparation of the 
acetate of soda. 

‘The acetate of alumina is formed by adding the acetate ~ ; 
lead to sulphate of alumina, when the siulghaia of lead sub- 


sides and the acetate of alumina remains in solution.’ It is — 


used by Dyers and Calico Printers as a basis or mordaunt 
Acetate of lead.—This salt, long known by the names of su- 
gar oflead (saccharum saturni) and cerussa acetata, is made 
by dissolving either the carbonate of lead or litharge in distilled 
vinegar. The solution has a sweet, succeeded by an astringent 
taste, does not redden litmus paper, and. deposits shining aci- 
cular crystals by evaporation. ‘The crystals effloresce slowly by | 
exposure to the air, and require about four times their weight 
of water at 60° F. for solution. ‘They are composed, accord- 
ing to Berzelius and Thomson, of 50 parts or one atom of 
the acid, 112 parts or one atom of the protoxide of lead, and 
27 parts or three atoms of water. | 
The acetate of lead is) partially. decomposed, with forma- 
tion of the carbonate of lead, by water which contains carbo- 
nic acid, or by exposure tothe air; but a slight addition of. 
acetic acid renders. the solution quite clear. | 
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This salt is much used in the arts, as a sedative and astrit- 
gent in medical and surgical penny and. as a re-agent itt 
chemistry. | 

Lhe sub-acetate of lead, comuionty, called extractum satur-~ 
ni, is prepared by boiling one part-of the neutral acetate, and 
two parts of litharge, deprived of carbonic acid by heat, with 
25 parts of water. 

This salt is less sweet and less sélable in water than the 
neutral acetate, has an alkaline re-action, and crystallizes in 
white plates by evaporation. It is. decomposed by a current 
of carbonic acid, with production of pure carbonate of lead ; 
and forms a turbid solution, owing to the formation of a car- 
bonate, when it is mixed with water in which carbonic acid 
is present. It appears from the analysis of Berzelius.to con- 
sist of one atom of acid and three atoms of the oxide of lead, 
and is therefore a tris-acetate. 

A. di-acetate may likewise be formed by boiling with wa- 
‘ter a mixture of litharge and acetate of lead in atomic pro- 
portion. (Thomson.) 

Acetate of copper.—The pigment elich verdigris, which 
is an impure acetate of the peroxide of copper, may be form- 
ed by exposing metallic copper. to the vapour of vinegar, 
when the metal gradually: absorbs oxygen from: the atmos- 
phere, and then unites with the acid. Itis prepared in large 
quantity in the south of France by covering copper plates 
with the refuse of the grape after the juice has been extract- 
ed for making wine.. The saccharine matter contained in the 
husks furnishes acetic acid by fermentation, and in four or. 
six weeks the plates acquire a coating of the acetate. 

Verdigris is commonly of a pale green, but sometimes of: 
a blue colour, Its essential constituent is an acetate of cop- 
per, composed, according to Mr. Phillips, * of 80. parts or 
one atom of the peroxide of copper, 50 parts or one atom of: 
acetic acid, and six atoms of water. This compound is de- 
composed by water, and i is converted into an insoluble green 
di-acetate, and into a soluble bin-acetate of copper.» 'The 
first, as its name implies, consists.of one atom of acid and two. 
atoms of the oxide., ‘The, bin-acetate crystallizes _readily in 
rhombic octahedrons of a green colour, :and is ‘soluble in 

* Annals of Philosophy, N. S. vol. i. ii and iv. 
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twenty times its weight of cold, and in five of boiling wa- 
ter. It is conveniently prepared by dissolving verdigris in 
distilled vinegar, and evaporating the solution. ‘Thecrystals 
consist of one atom of acid and two atoms of the peroxide of 
copper, combined, according to Mr. Phillips with three, and 
according to Berzelius and Dr. Ure with two atoms of water. 

Besides these compounds, Berzelius has” described three 
other acetates of copper; but as they are of little importance, 
I refer the reader to the original paper on the ne (An- 
nals of Philosophy, N.S. vol. viii.) 

Acetate of zinc.—This salt may be prepared by way of 
double decomposition by mixing one atom of the sulphate of 
zinc, dissolved in water, with one atom of the acetate of lead. 
When made in this way it is very apt to retain some sulphate 
of'lead in’ solution. ‘The best mode of obtaining it quite 
pure, is by suspending metallic zine in a dilute solution of 
the acetate of lead, until all the lead is removed. (Page 430.) 
This is known to be accomplished by the addition of sulphurct- 
ted hydrogen, which then occasions a pure white precipitate. 
This 'salt.is frequently employed as an astringent collyrium, 

Acetate of mercury.—The only interesting compound of 
mercury and acetic acid is the acetate of the protoxide, which | 
is sometimes employed in the practice of medicine.’ It is pre- 
pared. by mixing one atom of the crystallized protonitrate of 
mercury with one atom of the neutral acetate of potassa. (See 
the table of atomic weights.) If both salts are dissolved ina 
considerable quantity of hot water, the solutions retain their 
transparency after being mixed; but on cooling, the proto- 
acetate of mercury is deposited in white scales of a silky lus- 
tre. It is easily decomposed ; and it should be dried by a 
very gentle heat, and washed with a water slightly acidu- 
lated el ‘acetic acid. | 


OXALIC ACID. 


The oxalic acid exists ready formed in several plants, es- 
pecially in the rwmea' acetosa or common sorrel, and in the 
oxalis acetosella or wood sorrel ; but it almost always occurs ~ 
in combination either with lime or potassa. ‘These’ plants 
contain the binoxalate of potassa; and the oxalate ‘of lime 
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has been found in large quantity by M. Braconnot in several 
species of lichen. 

Oxalic acid is easily made artificially by digesting sugar in 
five or six times its weight of nitric acid, and expelling the 
excess of that acid by distillation, until a fluid of the consist- 
ence of syrup remains in the retort. The residue in cooling 
yields crystals of oxalic acid, the weight of which amounts to 
rather more than half the quantity of the sugar employed. 
They should be purified by solution in pure water, and_re- 
crystallization. In this process, changes of a very compli- 
cated nature ensue, during which a portion of nitric acid is 
resolved, chiefly, into oxygen and the deutoxide of nitrogen, 
while the sugar is converted, with formation of carbonic acid 
and water, into oxalic acid. A small quantity of malic and 
acetic acids are generated at the same time. As oxalic acid 
contains no hydrogen, and less carbon than sugar, there can be 
no doubt that the production of this acid essentially depends 
upon the sugar being deprived of all its hydrogen and a por- 
tion of its carbon by oxygen derived from the nitric acid. 

Many organic substances besides sugar, such as starch, 
gum, most of the vegetable acids, wool, hair, and: silk, are 
converted into the oxalic by the action of nitric acid ;—a 
circumstance which is explicable on the fact that the oxalic 
acid contains more oxygen than every other principle, whe- 
ther of animal or vegetable origin. 

Oxalic acid crystallizes in slender, flattened, quadrilateral 
prisms terminated by two-sided summits ; but their primary 
form is an oblique rhombic prism. It has an exceedingly 
sour taste, reddens litmus paper strongly, and forms neutral 
salts with alkalies. The crystals effloresce on exposure to the 
air, but undergo no other change. They are soluble in twice 
their weight of cold and in their own weight of boiling water. 
They are dissolved also by alcohol, though less freely than 
in water, They contain half their weight of water of crystal- 
lization, a part of which only, amounting to about 28 per 
cent., can be expelled by heat without decomposing. the agi 
itnelf, 

The atomic weight of oxalic acid, as determined by Dr. 
Thomson, is precisely 36; and the crystals consist of 36 
parts or one atom of real acid, and 36 parts or four atoms of 
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water, (First Principles, vol. 1.) It differs in composi- ' 
tion from all other vegetable acids in containing no hydrogen, — 
the absence of which seems fully established by the analyses © 
of Berzelius, Thomson, and Ure. From the researches of 
these chemists, oxalic acid is composed of ‘one part of carbon 
and two parts of oxygen; and since its atomic weight is: 36, 
it must be regarded as a compound of 


\ 


Carbon ; 12 ‘ or 2 atoms 
Oxygen |. R4 rere, or 3 atoms. © 
36 


It is therefore intermediate between carbonic oxide and 
carbonic acid, and may even be supposed to consist of 


Carbonic oxide f 14 or one atom 
Carbonic acid ¥ ; 22 or one atom. 
86 


| Consistently with this view, Débereiner found that oxalic 
acid is converted into carbonic acid and carbonic oxide by the 
action of a very large excess of fuming sulphuric acid. (An. 
de Ch. et de Ph. vol. xix.) 

Oxalic acid.is one of the most powerful and rapidly fatal 
poisons which we possess ; and frequent accidents have occur- 
red from its being sold and taken by mistake for Epsom salts, 
with the appearance of which its crystals have some resem- 
blance- ‘These substances may be easily distinguished, how- 
ever, by the strong acidity of oxalic acid, which may be tast- 
ed without danger, while the sulphate of magnesia is quite 
neutral, and has a bitter saline taste. ‘The experiments of 
Drs. Christison and Coindet have demonstrated that chalk 
and magnesia are cerfain antidotes to poisoning by oxalic acid, 
an consequence of forming with it insoluble and inert com- 
pounds. » (Edinburgh Medical and Surgical J <a - 
1823.) | 

Oxalic acid is‘easily distinguished from all other acids by | 
the form of its crystals,’ and by its solution giving with lime ~ 
water a white precipitate, which is insoluble i in an excess of 
‘the acid. | | inhey 38 ih 8 
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The salts of oxalic acid are termed owalates.’ Most of these 
“compounds are either insoluble or sparingly soluble in water; 
but they are all dissolved by the nitric, and also by the mu- 
riatic acid, except when the latter precipitates the base of the 
salts. The only oxalates which are remarkable for solubility 
are those of potassa, per lithia, ammonia, pe and 
iron. irs 

A soluble oxalate is easily detected by ect to its solu- 
tion a neutral saltof lime or lead, when a white oxalate of those 
bases will be thrown down. ' On digesting the precipitate in 
a little sulphuric acid, an insoluble sulphate is formed, and 
the solution yields crystals of oxalic ‘acid on cooling. All 
insoluble oxalates, the bases of which form: insoluble com- 
pounds with sulphuric acid, may be decomposed in a similar 
manner. All other insoluble oxalates may be decomposed by 
potassa, by which means a soluble oxalate is procured. 

The oxalates, like all salts which contain a vegetable acid, 
are decomposed by a red heat, a carbonate being left, pro- 
vided the oxide can retain carbonic acid at the temperature 
whichis employed. As the oxalic acid is so highly oxidized, 
its salts leave no charcoal when heated in close vessels.) — 

_. Several-oxalates are reduced to the metallic state, with evo- 
lution of pure carbonic acid, when heated to redness in ‘close 
vessels. (Pages 416 and 417.) ‘The peculiar constitution of 
oxalic acid accounts for this change; for one atom of the acid 
requires precisely one atom of oxygen, which is the- exact 
quantity contained in the oxide of a neutral oxalate ofa pro- 
toxide, for being converted into carbonic acid. etest 

Oxalates of Potassa.—Oxalic acid forms with potassa three 
compounds, of which the description was given, and the com- 
position determined, in the year 1818 by Dr. Wollaston. (Phi- 
los. Trans. for 1808.) ‘The first is the neutral oxalate which 
is formed by neutralizing carbonate of potassa with oxalic acid. 
It crystallizes in oblique quadrangular prisms, which have a 
cooling bitter taste, require about twice their weight of water at 
60° F. for solution, and contain 36 parts or one atom of oxalic 
acid, 48 parts or one atom of potassa, and one atom of water. 
This salt is much employed as a re-agent for detecting lime. 
The binoxalate of potassa is contained in sorrel, and may be 
procured from that plant by solution and crystallization. It 
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crystallizes readily in small rhomboids, which are less soluble \ 
in water than)the neutral oxalate. It is often sold under the | 
name of essential salt of lemons for removing iron moulds — 
from linen ;—an effect which it produces by one atom of its 
acid uniting with the oxide of iron and forming a soluble oxa- 
late. The third salt contains twice as much acid as the pre-~ 
ceding compound, and has hence received the name. of gua- 
droxalate of potassa.’ It.1s the least soluble of these salts, and 
is formed by digesting the bmoxalate in nitric acid, by which 
it is deprived of one-half of its base. It is composed. of four 
atoms of acid, one atom of potassa, and seven of water. 

The ovalate of soda, which may be made in the same 
manner as the oxalate of potassa, 1s very rarely employed, 
and.is of little importance. It likewise, forms, a. binoxalate,. 
but no quadroxalate is known. 

The oxalate of ammonia, prepared by neutralizing that 
alkali with oxalic acid, is much used asa _re-agent. It is 
very soluble. in hot water, and is deposited in acicular crys- 
tals when a. saturated hot solution is allowed to cool. The 
crystals contain two atoms of water. . Dr. Thomson has like- 
wise. described a binoxalate of ammonia, which. is less so- 
luble than the preceding and contains three atoms of water. 

Oxalate of lime.—This salt, like all the insoluble: oxalates, 
is easily prepared by the way of double decomposition... It is 
a white finely divided powder, which is remarkable for its 
extreme insolubility in pure water. On this account a soluble 
oxalate isan exceedingly delicate test for lime. It is very 
soluble, however, in-muriatic and nitric acids. It is com- 
posed of 36 or one atom of the acid, and 2% parts or one atom 
of lime.» It may be exposed toa temperature of 560° F. 
without decomposition, and is then quite Kom ‘No 
binoxalate of lime is known. 

This salt is interesting in a pathological point of view, be- 
cause urinary concretions are not unfrequently meen of 
it. It is the basis of what is called the mulberry calculus. . 

Oxalate of magnesia,—This salt may be prepared. by mix- 
ing oxalate of ammonia: with a hot concentrated solution of 
the sulphate of magnesia. .It is a white powder, whichis 
very sparingly soluble in water; but, nevertheless, when the 
sulphate of magnesia is moderately diluted with celd, water, 
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the ‘oxalate of ammonia occasions no precipitate. On this 
fact is founded the best analytic process for separating lime 
from magnesia. 


TARTARIC ACID. 


This acid exists in the juice of several acidulous fruits, but 
it is almost always in combination with lime or potassa. It is 
prepared by mixing intimately 198 parts or one atom of cream 
of tartar, in fine powder, with 50 parts or one atom of chalk, 
and throwing the mixture by small portions at a time into ten 
times its weight of boiling water. On each addition, a brisk 
effervescence ensues, owing to the escape of carbonic acid, 
and one atom of the insoluble tartrate of lime subsides, while 
one atom of the neutral tartrate of potassa is held in solution. 
On washing the former with water, and then digesting it, 
diffused through a moderate portion of water, with one atom 
of sulphuric acid, the tartaric acid is set free, and after being 
separated from the sulphate of lime by a filter, may be pro- 
cured in crystals by evaporation. 

Tartaric acid has a sour taste, which is very agreeable 
when diluted with water. It reddens litmus paper strongly, 
and forms with alkalies neutral salts, to-which the name of 
tartrates is applied. It requires five or six times its weight 
of water at 60° for solution, and is much more soluble in boil- 
ing water. ‘It is dissolved likewise, though less freely, in al- 
cohol. The aqueous solution is gradually decomposed ‘by 
keeping, and.a similar change is experienced under the same 
circumstances by most of the tartrates.. The crystals may be 
exposed to'the air without change. They are converted in- 
to the oxalic by digestion in nitric: acid. _When heated in 
close vessels, it fuses, froths up, and: is decomposed, yield- 
ing, in addition to the usual products of destructive distilla- 
tion, a distinct acid to which the name of pyro-tartaric acid 
is applied. A considerable quantity of charcoal remains. | 

The atomic weight of tartaric acid, inferred by Dr. Thom- 
son from the tartrates of potassa and lead, is 66; and the 
crystals, which cannot be deprived of their water by heat 
without decomposition, consist of 66 parts or one atom of 
acid, and one atom of water. According to the analysis of 
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Dr. Prowt and Dr. ‘Thomson, which agrees pretty. closely 
with that of Berzelius, the acid itself is:composed of 


Carbon : 24 J or 4: atoms 

Oxygen i 40 : or 5 atoms 

Hydrogen. 2 : or 2 atoms. 
66° 


Rantati acid is distinguished Biom other acids by forming 
a white precipitate, the bitartrate of potassa, when mixed 
with any of the salts of that alkali. .'This acid, therefore, 
separates potassa from every other acid. It occasions a white’ 
precipitate with lime water which 1s _— soluble in an excess: 
_of the acid. 

The tartaric acid is lis hadentiai fou its tendency to founds 
double salts, the properties of which are often more interest- 
ing than the simple-salts. ‘The most important of these dou- 
ble salts, and the only ones which have been much studied, 
are the tartrate of potassa and soda, and the tartrate of anti- 
mony and potassa. ‘The neutral tartrates of the alkalies, of 
magnesia and copper, are soluble in water; but most of the 
tartrates of the other bases, and especially those of lime, ba- 
ryta, strontia, and lead, are insoluble. All these neutral 
tartrates, however, which are insoluble in pure water, are 
soluble in an excess of their acid. They are decomposed by 
digestion in carbonate of potassa, and when an acid is added 
in excess, the bitartrate of potassa is precipitated. All the 
insoluble tartrates are easily procured from the neutral tar- 
trate of potassa by way of double:decomposition. 

Tartrates of potassa.—The neutral tartrate, frequently 
called soluble tartar, is formed by neutralizing a solution of 
the bitartrate with carbonate of potassa ; and is a product of 
the operation above described for making tartaric acid. It - 
crystallizes in large four-sided prisms, which are very soluble 
in water, and attract moisture when exposed to theair. The 
crystals consist of 114 parts or one atom of the neutral tar- 
trate and two atoms of water. ‘They are rendered quite an- 
hydrous by a temperature not exceeding 248° Fahr. | 
- Of the d¢tartrate, an impure form, commonly known by the 
name of tartar, is found encrusted on the sides and bottom 
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of wine casks, a source from which all.the tartar of commerce’ 
is derived. This salt exists in the juice of the grape, and, ow- 
ing to its insolubility in alcohol, is gradually deposited during 
the vinous fermentation. In its crude state it is coloured by the 
wine from which it was procured ; but when purified, is quite 
white, and in this state constitutes the cream of tartar of the 
shops. ; 

The bitartrate of potassa is very sparingly soluble in water, 
requiring sixty parts of cold and fourteen of boiling water 
for solution, and is deposited from the latter in cooling in 
small crystalline grains. . It has a sour taste, and distinct acid 
re-action. It consists of one atom of potassa, and two atoms 
of the acid, united, according to Berzelius, with one atom, 
and according to Dr. Thomson, with two atoms of water., 
Assuming the latter to be correct, the atomic weight of the 
bitartrate is 198. Its water of crystallization cannot be ex- 
pelied. without decomposing the salt itself. 

The bitartrate of potassa is employed in the formation of | 
tartaric acid and all the tartrates. | It is likewise used in pre~ 
paring pure carbonate of potassa. When exposed to a 
strong heat, it yields an acrid empyreumatic oil, some pyro- 
tartaric acid, together with water, carburetted hydrogen, car- 
_bonic oxide, and carbonic acid gases, the last of which com- 
bines with the potassa, The fixed products are carbonate of 
potassa and. charcoal, which may be separated from, each 
other by solution and filtration. When deflagrated with half 
its weight of nitre, by which a part of the charcoal is con- 
sumed, it forms black-flux; and. when, an equal weight of 
nitre is used, so as to oxidize all the free carbon of the tar-. 
taric acid, a pure carbonate of potassa, called white-flux, is 
procured. 

Tartrate of potassa and soda.—This double salt, which 
has been long employed.in medicine under the name of seig- 
nette or rochelle salt, is prepared by neutralizing the bitar- 
trate of potassa with carbonate of soda. By evaporation it 
forms prismatic crystals, which are soluble in five parts of 
cold and in.a less quantity of boiling water, and are composed 
of 114 parts or one atoin of the tartrate of potassa, 98 parts 
or one atom of the tartrate of soda, and eight atoms of water. 
The tartrate of soda is of little importance. It is frequently 
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made extemporaneously by dissolving equal weights of tar- 
taric acid and the bicarbonate ‘of soda in separate portions of 
water, and then mixing the solution. A very agreeable ef- 
fervescing draught is procured in ‘this'way. Soda is better 
adapted for this’ purpose than’ potassa, because the former 
has little or no’ tendency. to'form an insoluble bitartrate. 

Tartrate of antimony and potassa.—This compound, long 
celebrated as a medicinal preparation under the name of ¢ar- 
tar emetic, is made by boiling the protoxide of antimony with 
a solution of the bitartrate of potassa. The oxide of! anti- 
mony is furnished for this purpose in various ways... Some- 
times the glass or crocus of that metal is employed. The 
Edinburgh college’prepare an oxide by deflagrating the sul- 
phuret of antimony with an equal weight of mitre; and the 
college of Dublin employ the submuriate. Mr. Phillips: re- 
commends that 100 parts of metallic antimony in fine pow- 
der should be boiled to dryness im an iron vessel, and that 
the residual sub-sulphate be’ boiled with an equal weight ‘of 
cream of'tartar. » The solution of ‘the double’ salt, however 
made, should be concentrated by evaporation, and allowed to 
cool in order that crystals may form. 

‘The tartrate of antimony and. potassa edhavtlalay crystals 
lizes in tetrahedrons, which are often transparent when first 
formed, but become white and opaque by exposure to the air. 
It has a styptic metallic taste, reddens litmus paper slightly, 
and is soluble in fifteen parts of water at 60°, and in three of 
boiling water. (Dr. Duncan, jun.) Its aqueous solution, 
like that of all the tartrates, undergoes spontaneous decom- 
position by keeping ; and therefore, if kept:in the liquid form, 
alcohol should be added in order to preserve it. , According 
to the analysis: of Dr. Thomson, eae Paepneipl siete vol. il. 
p. gn it is oN Ofiaisiiver | to san 


. T artaric shisha ‘ (66 x 2) os ‘or 2 atoms. 
Protoxide of Antimony ne x pm 156. or 3.atoms. 


Potassa - : 4 j _ 48. or latom.. 
. Water: tpoheyeiees ig rol Lb 18 on? atemqa 
354 


2mM 
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With this result, the analysis of Mr. Phillips accords, ex- 
cept that he found three instead of two atoms of water. The 
atomic weight of the salt would, on this estimate; be 363. 

Tartar emetic is decomposed by many reagents, .Thus 
alkaline substances, from their superior attraction for tartaric 
acid, separate the oxide of antimony... The pure alkalies, ins 
‘deed, and especially potassa and soda, precipitate it imper- 
fectly, owing to their tendency to unite with and dissolve the 
oxide; but the alkaline carbonates throw down the oxide 
much more completely. Lime water occasions a white pre- 
cipitate, which is a mixture of the. oxide or tartrate of anti- 
mony and tartrate of lime. The stronger acids, such as the 
sulphuric, nitric, and muriatic, cause a white precipitate, 
consisting of the bitartrate of potassa and a sub-salt of anti- 
mony. Decomposition is likewise effected by several metallic 
salts, the bases of which yield insoluble compounds with tar- 
taric acid. Sulphuretted hydrogen throws down the orange 
sulphuret of antimony. It is precipitated by many vegeta- 
ble substances, especially by an infusion’ of. gall-nuts, and 
other similar astringent solutions, with which it forms a dirty 
white precipitate, which is regarded as a compound of tannin 
and the oxide of antimony. This combination is inert, and 
_ therefore a decoction of cinchona bark is recommended as an 
antidote to tartar emetic. ! 


CITRIC ACID. 


This acid is contained in many of the acidulous fruits, but 
exists in large quantity in the juice of the lime and lemon, 
from which it 1s procured by a process very similar to that 
described for preparing tartaric acid. ‘To any quantity of 
lime or lemon juice, finely powdered chalk is added as long 
as effervescence ensues; and the insoluble citrate of lime, af- 
ter being well washed. with water, is decomposed by digestion 
in'dilute sulphuric acid. The insoluble sulphate of lime is 
separated by a filter, and the citric acid obtained in crystals 
by evaporation. They are rendered quite pure: by being 
dissolved in water and re-crystallized. The proportions re- 
quired in this process are 86 parts or one atom of the dry 
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citrate of lime, and 49 parts or one atom of strong sulphuric 
acid, which should be diluted with about ten parts of water.. 
Citric acid crystallizes in rhomboidal prisms terminated by 
four. plain surfaces. The crystals are large and transparent, 
undergo no change in the air, and if kept dry may be pre- 
served for any length of time without decomposition. They 
have an intensely sour taste, redden litmus paper, and news ' 
tralize alkalies.. Their flavour when diluted is very agree- 
able. They are soluble in an equal weight of cold and in 
half their weight of boiling water, and are also dissolved by 
alcohol. The aqueous solution is gradually decomposed by 
keeping. It is converted into the oxalic by the action of ni- 
tric acid.. Exposed to heat, the crystals undergo the watery 
fusion, and, the acid itself is decomposed before all its water 
of crystallization is expelled. Besides the usual products of 
the decomposition of vegetable matter, a peculiar‘acid sub- 
limes, to. which the name of pyro-citric acid is applied. 

The atomic weight of citric acid, as deduced from the com- 
position of the citrate of lead by Thomson and Berzelius, is 
58; and the crystals consist of 58 parts or one atom of: the 
acid, and 18 parts or two atoms of water. | According to the 
analyses of the same chemists, this acid is inferred to consist 


of, 5. 


Gaubesi ‘ Q4 . . or 4 atoms 

Oxygen , 32 F or 4 atoms 

Hydrogen arch hyn oad: or 2 atoms. 
58 . 


_The analyses of Gay-Lussac and: Thenard, and ‘of Dr, 
Ure, * would lead to a different statement; but the oe 
agrees better with the atomic weight of the acid. 

Citric. acid is characterized by its flavour, by the form of 
its crystals, and by forming an insoluble salt with lime and 
a deliquescent soluble compound with potassa. It does not 
render lime water turbid, unless the latter is in sea = 
fully saturated with lime in the cold. 
Citric acid is chiefly employed as a substitute for lemon 
juice. On some occasions, as in making effervescing draughts 


“ Philosophical Transactions for 1822. 
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or acidulous drinks, tartaric acid may be used with equal ad- 
vantage. 

T ba salts of citric acid are of little importance, The ci 
trates of potassa, soda, ammonia, magnesia, and iron, are so- 
luble in water. The first is often made extemporaneously as 
an effervescing draught. The citrates of lime, baryta, and 
‘strontia, lead, mercury, and silver, are very sparingly solu- 
ble. All of them are dissolved by an excess of their own acids, 
and are decomposed by sulphuric acid. 


MALIC ACID. 


This acid is contained in most of the acidulous fruits, be- 
ing frequently associated with the tartaric and citric acids. 
Grapes, currants, gooseberries, and oranges, contain it. Vau- 
quelin found it in the tamarind mixed with the tartaric and 
citric acids, and in the house leek, (sempervioum tectorum, ) 
combined with lime. It is contained in considerable quanti- 
ty in apples, a circumstance to which it owes its name. It 
is almost the sole acidifying principle of the berries of ‘the 
service tree (sorbus aucuparia,) im which it was detected by 
Mr. Donovan, and described by him under the name of sorbic 
acid in the Philosophical Transactions for 1815; but it was 
afterwards identified with the malic acid by Braconnot and 
Houton-Labillardiére. . (An. de Ch. et de Ph. vol. viii.) 

The malic acid may be formed by digesting sugar with 
three times its weight of nitricacid ; but the best mode of pro- 
curing it is from the berries of the service tree. The juice, 
previously freed as much as possible from the red colouring 
matter of the berry by means of charcoal, is mixed with the 
acetate of lead as long as a precipitate ensues. ‘The malate 
of lead, after being well washed with cold water, is dissolved 
by boiling water, from which. it is deposited on cooling in 
acicular crystals of a brilliant lustre... The salt is at first al- 
ways coloured ; but it may be made quite white by repeated 
solution and crystallization. It is then decomposed by a 
quantity of dilute sulphuric acid, insufficient for combining . 
with all the oxide of lead, when a solution is procured which 
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contains’ malic acid together with-a little lead. ‘The latter is 
afterwards precipitated by sulphuretted hydrogen, 

Malic acid has a very pleasant acid taste. It crystallizes 
with great difficulty and.in an imperfect manner, attracts 
moisture from the atmosphere, and is very soluble in water 
and alcohol. Its aqueous‘solution is gradually decomposed 
by keeping. Nitric acid converts it into the oxalic acid.’ 
Heated in close vessels it is decomposed with formation of a 
new and volatile acid, which has hence spp tin the name of 
pyro-malic acid. | 

The composition of malic acid has not’ been satisfactorily 
determined. The only analysis of it is by M. Vauquelin, 
who found so large a quantity of hydrogen comparatively 
with the oxygen, that the accuracy of his result may fairly 
be’ questioned. | 

Most of the salts of the malic acid are more or leks soluble 
in water. ‘The malates of soda and potassa are deliquescent 
and very soluble. ‘Those of lead and lime, the most insolu- 
ble of the malates, are sparingly soluble in cold: water, but 
are freely dissolved by that liquid at a boiling temperature, 
a circumstance which distinguishes the malic from the oxalic, 
tartaric, and citric acids, 


BENZOIC ACID, 


Benzoic acid exists in gum benzoin, in storax, in the bal- 
sams of Peru and Tolu, and in several other vegetable sub- 
stances. M. Vogel has detected it in crystals between the 
skin and kernel of the Tonquin bean, and in the flowers of 
the trifolium melilotus ofjicinalis.. It-is found in consider- 
able quantity in the urine of the cow and other herbivorous 
animals, and is perhaps derived from the grasses on which 
they feed. It has also been detected in the urine of children, 

This acid is commonly extracted from gum benzoin. One 
méthod consists in heating the benzoin in an earthen pot, over 
which is placed a cone of paper to receive the acid as it sub- 
limes; but since the product is always impure, owing to the 
presence’ of empyreumatic oil; it. is better to extract the acid 
by means of an alkali. The usual process consists in boiling 
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finely powdered gum benzoin in-a large quantity of water 
along with lime or the carbonate of potassa, by which means 
a benzoate.is formed. ‘To the solution, . after being. filtered 
and concentrated by evaporation, muriatic acid is added, 
which unites with the -base, and throws. down the benzoic 
acid, Itis then dried by a gentle heat, and purified by sub- 
limation, 

Benzoic acid has a sweet and aromatic rather than a sour 
taste; but it reddens litmus paper, and neutralizes alkalies, 
It fuses readily by heat, and at a temperature a_ little above 
its point of fusion, it is converted. into, vapour, emitting a pe- 
culiar,. fragrant, and highly characteristic odour, and con- 
densing on cool surfaces without change. When strongly 
heated, it takes fire, and burns with a clear yellow flame. It 
undergoes no change by exposure to the air, and is not de- 
composed by the action even of nitric acid. It requires about 
24 parts of boiling water for solution, and nearly the whole 
of it is deposited on cooling in the form of minute acicular 
crystals of a silky lustre. It is very soluble in alcohol, espe~ 
cially by the aid of heat. 

Benzoic acid 1s easily distinguished by its. odour id vola- 
tility. Its salts are all decomposed by the muriatic acid, 
with deposition of benzoic acid if the solution is moderately 
concentrated, » O10N | 

The atomic weight of benzoic acid, as inferred from the 
analysis of the benzoate of lead. by Berzelius, and that of the 
benzoate of the peroxide of iron by Dr. Thomson, is 120. _, 

- The ultimate analysis of this acid by Berzelius, * together 
with the number representing the weight of its atom, SPPCAEE 
to justify the erie that it is composed of 


a aasliis isd 90 ; , or 15 atoms 
_. Oxygen ini go RS . . or 3. atoms 
Hydrogen + . 6 . » or 6 atoms, . 
’ 120. 


iesniahditng to the analysis of Dr. Ure, it contains 13 ins 
stead of 15 atoms of carbon. (Philos. Trans, for 1822.) 


+ Annals of Philosophy, vol. y. 
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“Most of the benzoates are soluble in water, Those of lead, 
mercury, and the peroxide of iron are the most insoluble. 
‘The benzoate of soda and ammonia are sometimes employed 
for separating iron from manganese. If the solution is quite 
neutral, the peroxide of iron is completely gen itated, while 
‘the manganese remains in solution. | 


© Grn. De WR OPS GALLIC ACID. 


This acid was discovered by Scheele in 1786, and exists 
ready formed in the bark of many trees, and in gall-nuts. It 
is always associated with’ tannin, a-substance to which it is 
allied in a manner hitherto unexplained. 

Several processes have been described for the preparation 
of gallice acid; but the most economical appears to be that 
of Scheele as modified by M. Braconnot. (An. de Ch. et de 
Ph. vol.ix.) - Any quantity of gall-nuts, reduced to powder, 
1s infused for a few days in four times its weight’ of water ; 
and the infusion, after being strained through linen, is kept 
for two months in a moderately warm atmosphere. During 
this period, the surface of the liquid becomes mouldy, the 
tannin of the gall-nuts disappears more or less completely, 
and a yellowish crystalline matter is deposited. On evapor- 
ating the solution to the consistence of a syrup, and allowing 
it to cool, an additional quantity of the same substance sub- 
sides. The gallic acid, thus procured, is impure, owing to the 
presence of colouring matter and a peculiar acid, to which 
M. Braconnot has applied the name’ of ellagic acid. 'The 
gallic acid is separated from the latter by boiling water, in 
which the ellagic acid is insoluble; and it is rendered’ white 
by digestion with animal charcoal deprived of its phosphate 
of lime by muriatic acid. When the colourless solution is 
concentrated by evaporation, the gallic acid is deposited in 
small white acicular crystals of a silky lustre. © 

Gallic acid has a weak sour taste, accompanied with a slight 
sensation of astringency. It reddens litmus paper, and effer- 
vesces with the alkaline’carbonates. It is soluble in twenty- 
four parts of cold and im three of boiling water; and it is 
likewise dissolved by alcohol, The aqueous solution becomes 


538 VEGETABLE ACIDS. 


mouldy by keeping. Nitric acid converts it’ into the oxalic 
acid. When strongly heated in the open air, it takes fire. 
At a high temperature in close. vessels. it 1s in) part decom- 
posed, and in part sublimes, apparently without change. 

The composition and atomic, weight, of gallic acid has not 
been determined in a satisfactory manner. From,an analysis 
of the gallate of lead by Berzelius, the equivalent of the acid 
is probably about 63 or 64; and according to the same che- 
mist it is composed of 


Carbon . , 56.64 


Oxygen j . nf 38.36 
Hydrogen : \ . 5.00* 


With lime water gallic acid. yields a brownish-green preci- 
pitate, which is redissolved by an excess. of the solution, and 
acquires a reddish tint... It 1s. distinguished from tannin by 
causing no precipitate in a solution of gelatine... With a salt 
of iron it forms a dark blue coloured compound, which is the 
basis of ink, | The finest colour is procured when the perox~ 
ide and protoxide of iron are mixed together. ‘This character 
distinguishes gallic acid from every other substance excepting 
- tannin. ie . | 

The salts of gallic acid, called gallates, bave been imper- 
fectly examined. The gallates of potassa, soda, and ammo- 
nia are soluble in water; but most of the other gallates are 
of sparing solubility...On this. account many of the metallic 
solutions are precipitated by. gallic acid. 


SUCCINIC ACID. . 


This acid is procured by heating powdered amber in a re- 
tort by a regulated temperature, when the succinic acid pass- 
es over and condenses in the receiver., It is at present un- 
certain whether. it exists.ready formed in amber, or is a pro- 
duct of the destructive distillation. As. first obtained, it has 
a yellow,colour and peculiar odour, owing to the presence of 
some empyreumatic oil; but it is rendered quite pure and 


* Annals of Philosophy, vol. ye, 
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white by being dissolved in nitric acid, and then evaporated 
to dryness. The oil is decomposed, ri the succinic acid i is 
left unchanged. : | : 

Succinic acid’has a sour taste, and dedidews bitin paper. 
It is soluble both in‘ water and alcohol, and crystallizes by 
evaporation in anhydrous: prisms. When briskly heated, it 
fuses, undergoes decomposition, and in’ part oe emit- 
ting a peculiar and very characteristic odour. 

The salts of succinic acid have been little examined. . The 
succinates of the.alkalies are soluble in water... That of am- 
monia is frequently employed for separating iron from man- 
‘ganese, the succinate of the peroxide of iron being quite in- 
soluble in water, provided the solutions are neutral. The 
succinate of manganese, on the contrary, is soluble. 

The atomic .weight of succinic acid, deduced from the 
composition of the succinate of iron and of lead by ‘Thomson 
and Berzelius, is 50; and according to the analysis of the 
succinate of lead by Berzelius, this acid is inferred to consist 


of ~ 


Carbon | a 24 - or 4 atoms 

Oxygen. +. 24 d or 3 atoms 

Hydrogen. Hi ; or 2 atoms. | 
50 


From this it appears that the succinic is identical with the 
acetic acid, both in the proportion of its constituents and in 
the weight of its atom. If this is true, and there seems no 
good reason to doubt the accuracy of the data, the sole dif- 
ference between these acids consists in the manner in which 
their elements are combined, a circumstance which is very , 
favourable to the opinion already mentioned relative. to the © 
- constitution of organic substances in general.'| (Page 512.) 

Camphoric acid.—This compound has not. hitherto been ‘ 
found:in any plant, and is procured only by digesting cam- 
phor for a considerable time ina large excess of nitric acid. 
It is sparingly soluble in water. Its taste is:rather bitter, 
and its odour somewhat similar to saffron. It reddens litmus 
paper, and combines with alkalies, forming. salts which are 
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called camphorates.. This acid has not been applied to ay 
useful purpose. 

The Mucic or Saccholactic acid was Rinuriads by Scheele 
im 1780. It is obtained by the action of nitric acid on cer- 
tain substances, such as gum, manna, and the sugar of milk. 
The readiest and cheapest mode: of forming it, is by digest- 
ing gum with three times its weight of nitric acid. On ap- 
plying heat, effervescence ensues, and three acids—the oxalic 
malic, and saccholactic, are the products. The latter, from 
its insolubility, subsides as a white powder, and may be se- 
parated from the others by washing with cold water. 

The saccholactic is a weak acid, which is insoluble in alco- 
hol, and requires sixty times its weight of boilmg water for so- 
lution. When heated in a retort it is decomposed, and, in ad- 
dition to the usual products, yields a volatile white substance, 
to which the name of pyro-mucic acid has been applied. 

Moroxylic acid.—This compound, which was discovered 
by Klaproth, is found in combination with lime on the bark 
of the morus alba or white mulberry, and has hence recéived 
the appellation of moric or moroxylic acid. It is obtained 
by decomposing the moroxylate of lime by acetate of lead, 
and their separating the lead from the sipchinste sop of that 

base by means of'sulphuric acid. 

The Hydrocyanic or Prussie acid, which is not an infres 
quent production of plants, has already been described. 

The Sorbic, as already mentioned, has been shown to be 
the malic acid. 

_ Rheumic acid.—This name was applied to the aiid prin- 
ciple contained in the stem of the garden rhubarb; but -M. 
Lassaigne has shown it to be the oxalic. acid. 

The Boletic actd was discovered by M. Braconnot, in the 
juice of the Boletus pseudo-igniarius. As it is a compound 
of no importance, I refer the reader to the eric eye for 
an account of it. (Annals of Phil. vol. 1.) | 

Igasuric acid.—M. Pelletier and Caventou have —" 
this name for the acid which occurs in combination with 
strychnia in the nux vomica and St. Ignatius’s bean ; but its 
existence, as different from all other known acids, is doubtful. 

Mellitic acid.—This acid is contained in the rare substance 
called honey-stone, which is occasionally met with at Thurin. 
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gia in Germany. ‘The honey-stone, according to Klaproth, 
is a mellitate of alumina, and on boiling it in a large quanti- 
ty of water, the acid is dissolved, and the alumina subsides. 
On concentrating the solution, the mellitic acid is deposited 
in minute acicular crystals. From its rarity it has been little 
studied, and is of little importance. 

- The Suberic acid is procured by the action of nitric acid 
on cork: Its acid properties are feeble. It’ is very soluble 
in boiling water, and the greater part of it is deposited from 
the solution in cooling in the form of a white powder. Its 
salts, which have been little examined, are known by the name 
of suberates. 

Zumic acid.—This compound, procured by Brnconiust 
from several-vegetable substances which had undergone the 
acetous fermentation, appears from the observations of Vogel 
to be the lactic acid. (Annals of Philosophy, vol. xii.) 

Kinic acid.—This acid exists in the cinchona bark in com- 
bination with lime. On evaporating an infusion of bark to 
the tonsistence of an extract, and treating the residue with 
alcohol, a viscid matter remains, consisting of the kinate of 
lime and mucilaginous matters. On dissolving it in water, 
and allowing the concentrated solution to evaporate sponta- 
neously in a warm place, the kinate crystallizes in plates which 
are either cubic or rhomboidal. From a solution of this 
salt Vauquelin precipitated the lime by means of oxalic acid, 
and thus obtained kinic acid in a pure state. (An. de Ch. 
vol. fix.) 

The kinic acid has an acid taste and. reddens regetible 
blue colours, It is very soluble in water, and crystallizes 
with difficulty. It forms soluble compounds. with :the alka- 
lies and alkaline earths, and -is not ie acelin by a salt of 
mercury, lead, or silver. 

The Meconic acid, which is cocabidied paeiea eine tose in 
opium, will be most conveniently described in the following 
section. | | ! 
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SECTION If. 
VEGETABLE ALKALIES. 


Unper this title are comprehended those proximate vege- 
table principles which are possessed of alkaline properties. 
The honour of discovering the existence’ of this class of. bo- 
dies is due to Sertuerner, a German, apothecary, who pub- 
lished an account of morphia so long ago as the year 1803; 
but the subject excited no notice until the publication, of his 
second essay in 1816. The chemists who have since. culti- 
vated this department with success are M. Robiquet, and 
MM. Pelletier and Caventou. 

All the vegetable alkalies, according to, the researches of 
Pelletier and Dumas, consist of carbon, hydrogen, oxygen, 
and nitrogen. (An. de Ch. et de Ph, vol..xxiv.) . They are 
decomposed with facility by nitric acid and by heat, andam- 
monia is always one of the products of the destructive distil- 
Jation. . They never exist in an insulated state in the plants 
which contain them; but are apparently in every case. com- 
bined with an acid, with which they form a salt more or less 
soluble in water. »These alkalies are for the. most part very 
insoluble in water, and of sparing solubility in cold alcohol ; 
but they,are all) readily dissolved by that fluid at.a boiling 
temperature, being deposited from the solution, commonly in 
the form of crystals, on cooling... Most.of the salts; are far 
more soluble in water than the alkalies themselves, and, seve- 
ral of then) are remarkable for their solubility. 

As the vegetable alkalies agree in several of their leading 
chemical properties, the mode of preparing one of them ad- 
mits of being applied with slight. variation to all. The ge- 
neral outline of the method is as follows.—The substance 
containing the alkaline principle is digested, or more com; 
monly macerated, in a large quantity of water, which dis- 
solves the salt, the base of which is the vegetable alkali. On 
adding some more powerful salifiable base, such as potassa or 
ammonia, or boiling the solution for a few minutes with lime 
or pure magnesia, the Recah alkali is separated from its 
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acid, and being in that. state insoluble in water, may be col- 
lected on a filter'and washed. ‘As thus procured, however, 
it is impure, retaining some of the other principles, such as 
the oleaginous, resinous, or colouring matters with which it 
is associated in the plant. To purify it from these substan- 
ces, it should be mixed with a little animal charcoal, and dis- 
solved in boiling alcohol. The alcoholic solution, which is 
to be filtered while hot, yields the pure alkali, either on cool- 
ing or by-evaporation ; and if not quite colourless, it should 
again be subjected to the action of alcohol and animal:char- 
coal. In order to avoid the necessity of employing a large , 
* quantity of alcohol, the following modification of the process ; 
may be adopted. The vegetable alkali, after being precipix 
tated and collected on a filter, is made to unite ais some — 
acid, such as the acetic, sulphuric, or muriatic, and the so- | 
lution is boiled with animal charcoal until the colouring mat- 
terisremoved. The alkali is then precipitated by ammonia 
or some other salifiable base. | 


* - 
¢ 


‘MORPHIA: 


Opium contains a great diversity of different principles, 
among which the following may in particular be enumerated : 
—morphia, meconic acid, narcotine, gummy, resinous, and 
extractive colouring matters, lignin, fixed oil, and a small 
quantity of caoutchouc. On infusing opium in water, seve- 
ral of these principles are dissolved, eat especially the meco- 
nate of morphia, together with’ narcotine, which is likewise 
rendered soluble by an acid. ; 

‘One of the best processes for’ preparing pure  miokp hint is 
that recommended by M. Robiquet. (An. de Ch. et de Ph., 
vol. v.) | The concentrated infusion of a pound of opium is) 
boiled for a quarter of an hour with about 150 grains of pure: 
magnesia, and the grayish crystalline precipitate, which con-, 
sists of the meconate of magnesia, morphia, narcotine, colour-: 
ing matter, and the excess of magnesia, is collected on a filter, 
and edulcorated with cold water. This powder is then di-, 
gested at a temperature of 120° or 130° F. in dilute’ alcohol, 
which removes the narcotine and the greater part of the co. 
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louring matter. ‘The morphia is then taken up by concett- 
trated boiling alcohol, and is deposited in crystals on cooling. 
Dr. Christison informs me that by this process, conducted in 
the laboratory of M. Robiquet, he procured three drachms 
and a half of morphia from half a pound of a KA i 
specimen of the best Turkey opium. 

Dr. Thomson proposes to precipitate the morphia by am-+ 
monia, and to purify it by solution in acetic acid and diges- 
tion with animal charcoal, (Annals of Phil. vol. xv.) This 
process is very convenient, but I doubt if it gives so large a 
product as the foregoing. The animal charcoal should be 
deprived of phosphate of lime by muriatic acid before — 
used. 

Pure morphia is white, and crvstallizes readily i in sie 
rectangular prisms of a brilliant lustre. It is almost wholly 
insoluble in cold, and to very small extent in hot water. It 
is soluble in strong alcohol, especially by the aid of heat. In 
its pure state it has scarcely any taste; but when rendered so- 
luble by combining with an acid or by solution in alcohol, it is 
intensely bitter. It has an alkaline reaction, and combines 
with acids, forming neutral salts, which are far more soluble 
in water than morphia itself, and for the most aol are capa- 
ble of ‘crystallizing. 

Strong nitric acid decomposes morphia, forming a red solu- 
tion, which by the continued action of the acid acquires a yel- 
low colour, and is ultimately converted into oxalic acid. This 
circumstance was first noticed by Pelletier and Caventou ; 
but it is not peculiar to morphia, since nitric hee has a simi- 
lar effect on strychnia. 

Morphia is the narcotic prinetple of plait: When pute, 
owing to its insolubility, it is almost mert; for M. Orfila gave 
twelve grains of it to'a dog without its being followed by any 
sensible effect. In a state of solution, on the contrary, it acts 
on the animal system with great energy, Sertuerner having’ 
noticed alarming symptoms from so small a quantity as ‘half’ 
a grain. From this it appears to follow that the effects of an 
overdose of a salt of morphia may be prevented by giving a 
dilute solution’ of ammonia, or an alkaline carbonate, so as 
to precipitate the vegetable alkali. When carefully admi- 
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nistered, morphia may be employed very adantageously 
in the practice of medicine; since, according to, Magendie, ° 
it produces the soothing effects of opium, without causing — 
the feverish excitement, heat, and: headach which so fre- 
quently accompany the. employment of that drug, The 
best mode of exhibiting it, is in the form of the acetate of 
morphia, a salt which is very soluble in water, and crystal- 
lizes in divergent prisms by evaporation. » The basis of Bat- 
tley’s sedative liquor is supposed to be the acetate of morphia, 
This compound, from being inodorous, and therefore less. ea- 
sily detected than opium, has been employed for criminal 
purposes, and M. Lassaigne has minutely described a method 
for discovering its presence. (An. de Ch. et de Ph. vol. xxv.) 

The composition of morphia, as will appear from the fol- 
lowing numbers, has been stated differently by different, che- 
mists. ‘The specimen analyzed by Dr. ‘Thomson must sure- 
ly have been impure. “- 


> Pelletier and Dumas. Bussy. Brande, Thomson. 
Carbon . 72.02 69.0 — 72.0 44.71 
Oxygen . 14.84 20.0 17.0 49.69 
Hydrogen 7.61. 65. 6.5, 5.59, 
Nitrogen . 5.53 4.5 6.5... 0.00 
100. 100 100 100 | 


Meconic acid.*—This acid was procured. by M. Robiquet 
from the magnesian precipitate above mentioned, after the 
morphia had been separated from it. The meconate of mag- 
nesia is dissolved in dilute sulphuric acid, and muriate of ba- 
ryta is then added, which throws down the sulphate and me- 
conate of that base. By acting on this precipitate with dilute 
sulphuric acid, the meconic acid is. set free, and crystallizes 
when its solution is evaporated. As it retains colouring mat- 
ter very obstinately, it should be purified by sublimation, 

Meconic acid has a sour, followed by a bitter taste, reddens 
litmus paper, and is very soluble both in water and_ alcohol, 
It is characterized by-giving a red colour to a salt, of the per- 


* From Mazwy papaver. 
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oxide of iron, and communicates an emerald green, tint to the 
sulphate of copper. It exerts no action on the animal system. 

Narcotine.—T his substance, though not regarded as a ve- 
getable alkali, may be conveniently noticed in connexion with 
morphia. | It was particularly. described in 1803 by Derosne, 
and was long known by the name of the salt of Derosne. 
Sertuerner supposed it to be the meconate of morphia ; but 
M. Robiquet proved that it is an independent principle, and 
applied to it the name of narcotine.. It is easily prepared by- 
evaporating an aqueous infusion of opium to the consistence 
of an extract, and digesting it in sulphuric ether.. This, sol- 
vent, which does not act on the meconate, of | morphia, takes 
up all.the. narcotine,; and deposits it-in acicular crystals by. 
evaporation. 

Pure:na¥cbtiné is iinsolublesin,cold-and very a solu- 
ble in hot water, It, dissolves in oil, ether, and alcohol, the 
Jatter, though ‘ acting as a solvent for it by the aid 
of heat. It does not possess alkaline properties, though it is 
rendered soluble in water by means of an acid. Its presence 
in an aqueous solution of opium seems owing to a free acid, 
which M. Robiquet imagines to be different from, the, me- 
conic.- Like the: vegetable Kibale nitrogen enters. into’ its 
constitution. Gb 

The unpleasant stimulating.properties. of. opium are attri- 
buted by Magendie to the presence of narcotine, the ill effects 
of which, according to the experiments of the same physio- 
Jogist, are-in a great: degree counteracted by acetic aeid. 
These results, though «they require confirmation, render. it 
probable that the superiority assigned to the black drop over 
the common tincture of opium of the Pharmacopeeia is owing 
to the vegetable acids which enter into its composition,.: .. 


CINCHONIA AND QUINIA: 


The existence of a este vegetable principle i in cinchona 
bark was inferred by Dr. Duncan, junior, in the year, 1808, 
who ascribed to it'the febrifuge virtues of the plant, and pro- 
posed for it the name of cinchonin.* Dr. Gomez of Lisbon, 


* Edinburgh New Dispensatory, 11th Edit. p. 299, or Nicholson’s Journal 
for 1803, 
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whose attention was directed to the subject by the researches 
of Dr. Duncan, succeeded in procuring cinchonin in a sepa- 
rate state; but its alkaline nature was first discovered in 
1820 by MM. Pelletier and Caventou. It has been fully 
established by the labours of those chemists that the febrifuge 
property of bark is possessed by two alkalies, the, cinchonia 
or cinchonin of Dr. Duncan, and quinia, both of which are 
combined with kinic acid. These principles, though. very 
analogous, are distinctly different, standing in the same re- 
lation to each other as potassa and soda., The former exists 
in the Cinchona condaminea, or pale bark; the latter is pre- 
sent in the C, cordifolia, or yellow bark; and they are both 
contained in the C. oblongifolia, or red bark. They were 
procured by Pelletier and Caventou by a process similar to 
.that of M. Robiquet for preparing morphia ;* and slight mo- 
difications of the method have been proposed by M. Badollier 
and M.Voreton.-- From one pound of yellow bark M. Voreton 
procured 80 grains of quinia, which is nearly 1.4 per cent. 

Pure cinchonia is white and crystalline, requires 2500 times 
its weight of boiling water for solution, and is insoluble in 
cold water. Its proper menstruum is boiling alcohol; but it 
is dissolved in small quantity by oils and:ether. Its taste is 
bitter, though slow in being perceived, on account of its in- 
solubility; but when the alkali-is dissolved by alcohol or an 
acid, the bitterness is very powerful, and accompanied by the 
flavour of cinchona bark. Its alkaline properties are ex- 
ceedingly well marked, since it neutralizes the strongest acids.. 
The sulphate, muriate, nitrate, and acetate of cinchonia are 
soluble in water, and the sulphate crystallizes in four-sided. 
prisms. The neutral tartrate, oxalate, and gallate of cincho- 
nia, are insoluble in cold, but may be dissolved by hot water, 
or by alcohol. 

Quinia, which was discovered by Pelletier and Farben Meg 
does not crystallize like cinchonia when precipitated from its 
solutions, but it has a white, porous, ;and rather flocculent 
aspect. It is very soluble in alcohol, forming a solution. 
which is intensely bitter, and possesses a distinct. alkaline re- 
‘ action. Ether likewise dissolves it, but it is almost insoluble 


a Ann. de Ch. et de Ph. vol. xv. - Ibid. vol. xvii. 
2N 
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‘in water. Its febrifuge virtues are more powerful than those 
of cinchonia, and it is now extensively employed in the prac- 
tice of medicine. It is most commonly exhibited in the form. 
of the sulphate, a salt of such activity that three grains have 
been known to cure an intermittent fever. This salt, which 
consists of 90 parts of the alkali and 10 of the acid, crystal- 
lizes in delicate white needles, having the appearance of ami- 
anthus. It is less soluble in water than the sulphate of cin- 
chonia, but is very bitter. It dissolves readily in strong al- 
cohol by the aid of heat, a character which affords a useful test 
of its purity. 

The analyses of different chemists, relative to the composi- 
tion of cinchonia and quinia, do not correspond better than 
those of morphia, as appears by the following results :— 


Pelletier and Dumas. Brande. 
ew (tr 

Cinchonia. Quinia. Cinchonia. Quinia. 

Carbon . 76.97 74.14 79.30 73.80 
Oxygen’. ‘7:97 6.77 0.00 5.55 
Hydrogen = 6.22 8.80 VAY 7.65 
Nitrogen 9.02 10.76 13.72 13.00 
100.18 100.47 100.19 100.00 


~The neutral gallate, tartrate, and oxalate of quinia, like 
the analogous salts of cinchonia, are insoluble in cold water. 

~ From the new facts which have been ascertained relative to 
the constituents of bark, the action of chemical tests on a de- 
coction of this substance is now explicable. According to the 
analysis of Pelletier and Caventou, the different kinds of Pe- 
ruvian bark, besides the kinate of cinchonia or quimia, con- 
tain the following substances:—a greenish fatty matter; a 
red insoluble matter; a red soluble principle, which is a va- 
riety of tannin; a yellow colouring matter; kinate of lime; 
gum ; starch; and lignin. Itis hence apparent that a de. 
coction of bark, owing to the tannin which it contains, may 
precipitate a solution of tartar emetic, of gelatine, or a salt 
of iron, without cohtaining a trace of the vegetable alkali, 
and consequently without possessing any febrifuge virtues. 
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An infusion of gall-nuts, on the contrary, causes a precipi- | 
tate only by its gallic acid uniting with cinchonia or quinia, — 
and therefore affords a test for distinguishing a Sats from an 
inert shorn of bark. 


Strychnia—Strychnia was discovered in 1818 by Pelletier 
and Caventou in the fruit of the Strychnos ignatia and Strych- 
nos nux vomica, and has since been extracted by the same che- 
mists from the Upas. (An.’de Ch. et de Ph. vol. x. and xxvi.) 
This alkali, which is prepared by processes analogous to those 
already described, is very soluble in boiling alcohol, and is 
procured in minute four-sided prisms by allowing the solu- 
tion to evaporate spontaneously. It'is almost insoluble in 
water, requiring more than 6000 parts of cold and 2500 of 
boiling water for solution ; but notwithstanding its sparing 
Solabihty, it excites an insupportable Biflertiess } in the mouth, 
—Water containing only 1-600,000th of its weight of strych- 
nia has a bitter taste. It has’a distinct alkaline reaction, and 
neutralizes acids, forming salts, most of which are soluble in » 
‘water. It is united in the nwx vomica and St. Ignatius’s bean 
with the igasuric acid. (Page 540.) By the action of strong 
nitric acid it yields’'a red colour; but it appears probable, - 
from some recent observations of Pelletier and Caventou, that 
the red tint is owing to the presence of some impurity. 

Strychnia is one of the most virulent poisons hitherto dis- 
covered, and is the poisonous principle of the substances in 

which it is contained. Its energy is so great, that half a grain 
blown into the throat of a rabbit occasioned death in the 
course of five minutes. Its operation is always accompanied 
with symptoms of locked jaw and other tetanic affections. 

Strychnia, according to the analysis of Pelletier and Du- 
mas, is composed of 78.22 of carbon, 6.38. of oxygen, 6. 54 
of hydrogen, and 8.92 of nitrogen. 

Brucia.—This alkali was Fuad | in ibe Briicea ‘antidy- 
‘senterica by Pelletier and Caventou soon after their discovery 
‘of strychnia ; (An. de Ch. et de Ph. vol. xii.) and it likewise 
‘exists in small quantity in the St. Ignatius’s bean and the 
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nux vomica. In its bitter taste and poisonous qualities, -it is 
very similar to strychnia, but 1s twelve or sixteen times less 
energetic than that alkali, It is soluble both in hot and cold 
alcohol, especially 1 in the former; and it crystallizes when its 
solution is evaporated. It is more soluble in water than most 
of the other vegetable alkalies, requiring only 850 times its 
weight of cold, and 500 of boiling water for solution. It is 
composed of 75.04 of carbon, 11.21 of oxygens ; 6.52 of Py 
drogen, and 7.22 of nitrogen. 


VERATRIA, EMETIA, PICROTOXIA, SOLANIA, DELPHIA, &e. 


_ Veratria.—The medicinal properties of the seeds of the Vera- 
trum sabadilla, and of the root of the Veratrum album or white 
hellebore, and of the Colchicum autumnale or meadow saffron, 
are owing to the peculiar alkaline principle veratria, which was 
discovered by Pelletier and Caventou in 1819, and may be 
extracted by the usual process, (Journal de Pharmacie, 
‘vol. vi.) This alkali, which appears.to exist in those plants 
in combination with gallic acid, is white and pulverulent, in- 
odorous, and of an acrid taste. It requires 1000 times its 
_ weight of boiling, and still more of cold water for solution. 
It is very soluble in alcohol, and may also be dissolved, 
though less readily, by means of ether. It has an alkaline 
reaction, and neutralizes acids; but it is a weaker base than 
morphia, quinia, or strychnia. It acts with singular energy 
on the membrane of the nose, exciting violent sneezings 
though in very minute quantity. When taken internally in 
very small doses, it produces excessive irritation of the mu- 
cous coat of the stomach and intestines; and a few grains © 
were found to be fatal to the lower animals. , 
Veratria, according to the analysis of Pelletier and Dumas, 
consists of 66.75. of carbon, 19.6 of oxygen, 8.54 of hydrogen, 
and 5.04 of nitrogen. 
 Emetia.—Ipecacuanha consists of an oily matter, gum, 
starch, lignin, and a peculiar principle, which was discover- 
ed in 1817 by M, Pelletier, and to which he has applied the 
“name of emetine. (Journal de Pharmacie, vol. iii.) This 
substance, of which ipecacuanha contains 16 per cent, ap- 
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pears to be the sole cause of the emetic properties of that 
root, and is procured by: a process similar to that for prepar- 
ing the other vegetable alkalies, 

Emetia is a white pulverulent substance, of:a rather bitter 
and disagreeable taste, sparingly ‘soluble im cold but more 
freely in hot water, and insoluble in ether. It is readily dis- 
solved by alcohol. At 122° it fuses. It has a distinct alka- 
line reaction, and neutralizes acids; but its salts are little 
disposed to crystallize. (An. de Ch, et de Ph. vol. xxiv, 
p. 181.) According to Pelletier and Dumas, it consists of 
carbon 64.57, oxygen 22.95, hydrogen ‘7.77, and nitrogen 4, 

Picrotoxia.—The bitter poisonous principle of the Cocculus 
indicus was discovered in 1819 by M. Boullay, who gave it 
the name of picrotoxine. Its claim t0 the title of a vegetable 
alkali, among which class of bodies it was placed by its dis- 
coverer, has been called in question by M. Casaseca, from 
whose remarks it seems that picrotoxia has no alkaline reac- 
tion, and does not neutralize acidity. It combines, however, 
with acids, and with the acetic and nitric acids forms crystal- 
lizable compounds.. It appears, also, that the menispermic 
acid, supposed by M. Boullay to be united in the cocculus 
indicus with picrotoxia, is merely a mixture of the sulphuric 
and malice acids. (Edinburgh Journal of Science, No. x.) 

Solania.—The active principle of the Solanum dulcamara, 
or woody nightshade, was procured in a pure state by Des- 
fosses. ‘This compound has distinct alkaline properties, and 
is combined in the plant with pet acid gd ournal de Phar- 
macie, vol. vi. and vii.) 

Delphia.—This substance was discovered in the Delphi« 

nium staphysagria, or stavesacre, by MM. Feneuille and: 
Lassaigne. It possesses the general characters of ‘the’ 
vegetable alkalies. (An. de Ch. et de Ph. vol. xii.) 
- Besides the vegetable alkalies, already described, it has 
been rendered highly probable, chiefly by the researches of 
M. Brandes, that several other plants, such as the Atropa 
belladonna, Conium maculatum, Hyoscyamus niger, Datura 
stramonium, and Digitalis, owe their activity to the presence 
of an alkali, 
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SECTION III. 


SUBSTANCES WHICH, IN RELATION TO OXYGEN, CONTAIN 
AN EXCESS OF HYDROGEN. 


OILS. 


O1Ls are characterized by a peculiar unctuous feel, by in- 
flammability, and by insolubility in water. They are divided 
into the fixed and. volatile oils, the former of which are com- 
paratively fixed in the fire, and therefore give a permanently 
greasy stain to paper ; while the latter, owing to their vola- 
tility, produce a stain which disappears by gentle heat. 

Fixed oils—The fixed oils are usually contained in the 
seeds of plants, as for example in the almond, linseed, rape- 
seed, and poppy seed’; but olive oil is extracted from the pulp 
which surrounds the stone. They are procured by bruising 
the seed, and subjecting the pulpy matter to pressure in hemp- 
en bags, a gentle heat being generally employed at the same 
time to render the oil more Jimpid. 

Fixed oil, the palm oil excepted, are fluid at common tem- 
peratures, are nearly inodorous, and have little taste. They 
are lighter than water, their density in general varying from 
0.9 to 0.96. They are commonly of a yellow colour, but 
may be rendered nearly or quite colourless by the action of 
animal charcoal. At or near the temperature of 600° F, 
they begin to boil, buf suffer partial decomposition at the 
same time, an inflammable vapour being disengaged even be- 
low 500°. When heated to redness in close vessels a large 
quantity of the combustible compounds of carbon and hydro- 
gen are formed, together with the other products of the de- 
structive pl alation of vegetable substances; and in the open 
air they burn with a sien white light, and formation of 
water and carbonic acid. ‘They may hence be employed for 
the purposes of artificial illumination, as well in lamps, as 
for the manufacture of gas. 

Fixed oils undergo considerable change by exposure to 
the air. The rancidity which then takes place is occasion- 
ed by the mucilaginous matters which they contain becom- 


as 
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ing acid. From the operation of the same cause, they gra- 
“dually lose their limpidity, and some of them, which are 
“hence called drying oils, become so dry that they no longer feel 
_unctuous to the touch nor give a stain to paper. This pro- 
“perty, for which linseed oil is remarkable, may be commu-. 
nicated quickly by heating the oil in an ‘open vessel. The 
drying oils are Praga for making oil paint, and mixed 
with lamp-black constitute printer’s vai During the _pro- 
cess. of drying, oxygen is absorbed in considerable quantity. 

The “pega ae of oxygen by fixed, and especially by dry- 
ing oils, is under some circumstances so abundant and rapid, 
bem accompanied with such a free disengagement of caloric, 
that light porous combustible materials, such as lamp-black, 
hemp, or cotton-wool, may: be kindled by it. Substances of 
_this kind, moistened with linseed-oil, have been known to take 
fire during the space of 24 hours, a circumstance which has 
_repeatedly been the cause of extensive fires in warehouses 
_and.in cotton manufactories. 

Fixéd oils do not unite with water, but they may be per- 
-manently suspended in that fluid by means of mucilage or 
sugar, so as to constitute an emulsion. They are for the most 
part very sparingly soluble in alcohol and ether. Strong sul- 
pburic acid thickens the fixed oils, and forms with fiche’ a te- 
Racious matter like soap; and they are likewise rendered thick 
‘and viscid. by the action of chlorine. Concentrated nitric 
acid acts upon them with great energy, giving rise IN some 
instances to the production of flame. 

Fixed oils unite with the common metallic oxides. Of 
these compounds, the most interesting is that with the oxide 
of lead. When linseed oil,is heated “mith a small quantity 
of litharge, a liquid results. which is powerfully drying, and 
is employed as oil aaa Olive oil combined with half its 
weight of litharge forms the common diachylon plaster. 

The fixed a, are readily attacked by alkalies. With am- 
monia, oil forms a soapy liquid to which the name of volatile 
liniment is applied. The fixed aikalies, boiled with oil fat, 
give rise to the soap employed for washing, the soft inferior 
kind being made with potassa, and the hard with soda.. The 
chemical nature of soap has of late years been elucidated by 
the Jabours of M. Chevreul. This chemist has found that 
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fixed oils and fats are not pure proximate principles, but con- 
sist of two substances, one of which is solid at common tem- 
peratures, while the other is fluid. 

‘To the former he has applied the name of stearine from 
oreae suet, and to the latter elZine from eAuwoy oil. Stearine 1s 
the chief ingredient of suct, butter, and lard, and is the cause 
of their solidity ; whereas oils contain a greater proportional 
quantity of elaine, and are consequently fluid. These prin- 
ciples may be separated from one another by exposing fixed 
oil to a low temperature, and pressing it, when congealed, be- 
tween folds of bibulous paper. ‘The stearine is thus obtain- 
ed in a separate form; and by pressing the bibulous paper 
under water, an oily matter is procured, which is elaine in a 
state of purity.’ This principle is peculiarly fitted for greas- 
ing the wheels of watches, or other delicate machinery, since 
it does not thicken or become rancid by exposure to the air, 
and requires a cold of about 20° F. for congelation. In the- 
formation of soap the stearine and elaine disappeared en- 
tirely, being converted by a change in the arrangement of 
their elements into three compounds, to which M. Chevreul* 
has applied the names of margaric and oleic acids, and gly- 
cerine. ‘he two acids enter into combination with the alkali 
employed, and the resulting compound is soap. <A similar 
change appears to be effected by the action not only of the 
alkaline earths, but of several of the metallic oxides. 

Soap is decomposed by acids, and by earthy and most me- 
tallic salts. On mixing’ muriate of lime with a solution of 
soap, a muriate of the alkali is produced, and the lime forms 
an insoluble compound with the margaric and oleic acids. 
A similar change ensues when a salt of lead is employed. 

According to the analysis of Gay-Lussac and Thenard, 
100 parts of olive oil consist of carbon 77.213, oxygen 9.427, 
and hydrogen 13.36.. From these proportions it is inferred 
‘that olive oil contains ten atoms of carbon, one of oxygen, and 
eleven of hydrogen. 

Volatile oil— Aromatic plants owe their flavour to the pre- 
sence of a volatile or essential oil, which may be obtained by 
distillation, water being put into the still along with the plant, 
in order to prevent the latter from being burned. The oil 


* Recherches sur les Corps gras. 
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and water pass over into the recipient, and the oil collects at 
the bottom or the surface of the water according to its density. 

Essential oils have a penetrating odour ‘and acrid taste, 
which are often pleasant when sufficiently diluted. They are 
soluble in alcohol, though in different proportions. ‘They are 
not appreciably dissolved by water; but that fluid acquires 
the odour of the oil with which it is distilled. With the fix- 
ed oils they unite in every proportion, and are sometimes 
adulterated with them, an imposition easily detected by the 
mixed oil causing on paper a greasy stain which is not remov- 
ed by heat. 

Volatile oils burn in the open air with a clear white light, 
and the sole products of the combustion are water and carbo- 
nic acid. On exposure to the atmosphere, they gradually ab- 
sorb a large quantity of oxygen, in consequence of which they 
become thick, and are at length converted into a substance re- 
‘sembling resin. This change is rendered more rapid by the 
agency of light. 

Of the acids, the action of strong nitric acid on volatile oils 
is the most energetic, being often attended with vivid com- 
bustion,—an effect which is rendered more certain by previ- 
ously adding tothe nitric a few drops of sulphuric acid. 

Volatile oils do not unite readily with metallic oxides, and 
are attacked with difficulty even by the alkalies. The sub- 
stance called Starkey’s soap is made by triturating oil of tur- 
pentine with an alkali. 
| Volatile oils dissolve sulphur in large quantity, forming a 
deep brown coloured liquid, called balsam of sulphur. The 
solution is best made by boiling flowers of sulphur in spirit of 
turpentine. Phosphorus may likewise be dissolved by the 
same menstruum. 

The most interesting of the essential oils are those of tur- 
pentine, caraway, cloves, peppermint, nutmeg, anise, laven- 
der, cinnamon, citron,and chamomile. Of these the most im- 
por tant is the first, which is much employed in the prepara- 
tion of varnishes, and for some medical and chemical purposes, 
It is procured by distilling common turpentine; and When 
purified by a second distillation, it is spirit or essence of tur- 
pentine. 


Common oil of turpentine is inferred by Dr. Ure to consist 
6 
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of carbon 14 atoms, oxygen 1 atom, and hydrogen 10 atoms, * 
According to M. Houton Labillardiére, the purified oi] con- 
tains no oxygen, but is composed of carbon and hydrogen in 
such proportions, that one volume of its vapour contains 4 
volumes of olefiant gas, and two. volumes of the vapour of 


carbon,+ 
Camphor, —This inflammable substance, which in several 


respects is closely allied to the essential oils, exists ready form- 
ed in the Laurus camphora of Japan, and is obtained from 
its trunk, root, and branches by sublimation. 

Camphor has a bitterish, aromatic, pungent taste, accom- 
panied with a sense of coolness. It is unctuous to the touch, 
and brittle ; but it possesses a degree of toughness which 
prevents it from being pulverized a pats is It is easily 
reduced to powder by trituration with a few drops of alcohol. 
Its specific gravity is 0.988. It is exceedingly volatile, be- 
ing gradually dissipated in vapour if kept in open vessels, 
At 288° F. it enters into fusion, and boils at 400° F. 

Camphor is insoluble in water; but when triturated with 

sugar, and then mixed with that fluid, a portion is dissolved 
“sufficient for communicating its flavour. It is dissolved freely 
by alcohol, and is thrown down by the addition of water. It 
is likewise soluble in the fixed and volaule oils, and in strong 
acetic acid. Sulphuric acid decomposes camphor, converting 
it into a substance like artifical tannin. (Mr. Hatchett.) 
With the nitric it yields camphoric acid. 

Camphor, according to the analysis of Dr. Ure, appears 

to consist of carbon ten atoms, oxygen one atom, and PIER 
gen nine atoms, 
On transmitting a current of muriatic acid gas through the 
purified oil of turpentine, surrounded by a mixture of snow 
and salt, a quantity of the gas is absorbed equal to one-third 
of the weight of the oil, and a white crystalline substance, 
very similar to camphor, is generated. ‘This matter was dis- 
covered by Kind, and has since been studied by Tromms- 
dorf, Gehlen, and Thenard, ‘The last chemist maintains that 
this peculiar substance is a compound of turpentine and mu- 
riatic acid, a view which is supported by the researches of M. 
Houton Labillardiere. 


* Philosophical Transactions for 1822. + Journal de Pharmacie, vol. iv. 
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RESINS. 


_ Resins are the inspissated juices of plants, and commonly 
occur either pure or i combination with an essential oil. 
They are solid at common temperatures, brittle, inodorous, 
and insipid. They are non-conductors of electricity, and 
when rubbed become negatively electric. They are gener- 
ally of a yellow colour, and semi-transparent. 

Resins are fused by the application of heat, and by astill 
higher temperature are decomposed. In close vessels they 
yield empyreumatic oi], and a large quantity of carburetted 
hydrogen, a small residue of charcoal remaining. Inthe open 
air. they burn with a yellow flame and much smoke, being ° 
resolved into carbonic acid and water. 

Resins are dissolved by alcohol, ether, and the essential 
oils, and the alcoholic and ethereal solutions are precipitated 
by water, a fluid in which they are quite insoluble. Their 
best solvent is pure potassa and soda, and they are also solu- 
ble in the alkaline carbonates by the aid of heat. The pro- 
duct is in each case a soapy compound, which is decomposed 
by an acid. | 

Concentrated sulphuric acid dissolves resins; but the acid 
and the resin mutually decompose each other, with disen- 
gagement of sulphurous acid, and deposition of charcoal, 
Nitric acid acts upon them with violence, converting them in- 
to a species of tannin, which was discovered by Mr. Hatchett. 
No oxalic acid is formed during the action, 

The uses of resin are various. Melted with wax and oil, 
resins constitute ointments and plasters. Combined with oil 
or alcohol, they form different kinds of oil and spirit varnish, 
Sealing-wax is composed of lac, Venice turpentine, and com- 
mon resin. The composition is coloured black, by means of 
lamp-black, or red by cinnabar or red lead. Lamp-black is 
the soot of imperfectly burned resin. | 

Of the different resins the most important are common re- 
sin, copal, lac, sandarach, mastich, elemi, and dragon’s blood. 
The first.is procured by heating turpentine, which consists of 
oil of turpentine and resin, so as to expel the volatile oil. 
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The common turpentine, obtained by incisions made in the 
trunk of the Scotch fir tree, (Pinus sylvestris) is employed 
for this purpose; but the other kinds of turpentine, such as the 
Venice turpentine, from the larch, (Pinus laria,) the Canadian 
turpentine from the Pinus balsamea, or the Strasburgh tur- 
pentine from the Pinus picea, yield resin by a similar treat- 
ment. 

When turpentine is extracted from the wood of the fir 
tree by heat, partial decomposition ensues, and a dark sub- 
stance, consisting of resin, empyreumatic oil, and acetic acid, 
is the product. ‘This constitutes tar; and when inspissated 
by boiling, it forms pitch. 

Considerable uncertainty prevails as to the composition of 
common resin, as will appear by the following statement :— 


Gy -Litée and Thenard. Thomson. | Ure. 
Carbon, 715.944 63.15 . 75.00 
Oxygen, © 13.837 25.26 12.50 
Hydrogen, 10.719 11.59 12.50 
100 ; 100 100 


Amber.—This substance is found chiefly on the coasts of 
Prussia, Livonia, Pomerania, and Denmark, occurring some- 
times on the shore, and sometimes in beds of bituminous 
wood. It is undoubtedly of vegetable origin, and has ‘the 
general properties of a resin; but it differs from resinous 
substances in yielding succinic acid, when’ heated in am 
vessels. 

Balsams.—The balsams are native compounds of resin and 
benzoic acid, and issue from incisions made in the trees, 
which contain them, in the same manner as turpentine from 
the fir. Some of them, such as storax and benzoin, are solid; 
while others, of which the balsams of “lolu and Peru are ex- 
amples, are viscid fluids.’ , ‘a | 

Gum Resins.—The substances to which this name is ap- 
plied are the concrete juices of certain plants, and consist: of 
resin, essential oil, gum, and extractive vegetable matter. 
The two former principles are dissolved by alcohol, and the 
two latter in water. ‘Their proper solvent, therefore, is proof 
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spirit. Under the class of gum resins. are comprehended. se- 
veral valuable medicines, such as aloes, ammoniacum, assa- 
foctida, euphorbium, galbanum, gamboge, myrrh, scammony, 
and guaiacum. 

Caoutchouc, commonly called elastic gum or Indian. rub- 
ber, is the concrete juice of the Himveg caoutchoue and Ia- 
tropa elastica, natives of South America, and of the Ficus. 
Indica, and Artocarpus integrifolia, which grow.in the Kast 
Indies. _ It is a soft yielding solid, of a whitish colour when 
not blackened by smoke, possesses considerable tenacity, and 
is particularly remarkable for its elasticity. It is inflammable; 
and burns with a bright flame. When cautiously heated, it 
fuses without decomposition. It is insoluble in water and 
alcohol ; but it dissolves, though with some difficulty, in pure, 
ether. It is very sparingly dissolved by the alkalies, but its 
elasticity is destroyed by their action. By the sulphuric and » 
nitric acids it is decomposed, the former causing a deposition 
of charcoal, and the latter a formation of oxalic acid. | 
_ Caoutchouc is soluble inthe essential oils, in petroleum, 
and in cajeput oil, and may be procured by evaporation from 
the two latter without loss of its elasticity. The purified 
naphtha from coal tar dissolves it readily, and as the solvent 
is cheap, and the properties of the caoutchouc are unaltered | 
by the process, the solution may be conveniently employed for 
forming elastic tubes, or other apparatus of a similar kind. 
It is used by Mr. Mackintosh of Glasgow for covering cloth 
with a thin stratum of caoutchouc, so as to render dt im- 
permeable to moisture. This property of coal naphtha was 
discovered by Mr. James Syme, Lecturer on Surgery in this 
city. (Annals of Philosophy, vol. xii.) 

The composition of caoutchouc has not been determined 
in a satisfactory manner.y According to the analysis of Dr. 
Ure, 100 parts of it consist of carbon 90, oxygen 0.88, and 
hydrogen 9.12. But caoutchouc yields ammonia when heat. 
ed in close vessels, and therefore must. contain nitrogen as 
one of its constituents, a principle which was not slate by 
Dr. Ure. | 

Wax.—This hain which partakes of the nature of a 
fixed oil, is.an abundant vegetable production, entering into 
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the composition of the pollen of flowers, covering the enve- 
lope of the plumb and other fruit, especially the berries of the 
Myrica cerifera, and in many instances forming a kind of 
varnish to the surface of leaves. From this circumstance it was 
long supposed that wax is solely of vegetable origin, and that. 
the wax of the honey-comb is derived bn flowers only ; but 
it appears from the observations of Huber that it must hke- 
wise be regarded as an animal product, since he found bees to 
deposite wax though fed on nothing but sugar. aan 

Common wax is always more or less coloured, and has a 
distinct peculiar odour, of both which it may be deprived by 
exposure in thin slices to hght, air, and moisture, or more 
speedily by the action of chlorine. At ordinary temperatures 
it is solid, and somewhat brittle; but it may easily be cut 
with a knife, and the fresh surface presents a characteristic 
appearance, to which the name of waxy lustre is applied. Its 
specific gravity is 0.96. At about 150° F. it enters into fu- 
sion, and boils at a high temperature. Heated to redness in 
close vessels it suffers complete decomposition, yielding pro- 
ducts very similar to those which are procured under the same 
circumstances from oil. As it burns with a clear white a 
it is employed for forming candles. — 

Wax is insoluble in water, and is only sparingly dissolved 
by boiling alcohol or ether, from which the greater part is 
deposited on cooling. It is readily attacked by the fixed’ al- 
kalies, being converted into a soap which is soluble in’ hot 
water. It unites by the aid of heat in every proportion with 
the fixed and volatile oils, and with resin. With different 
quantities of oil it constitutes the simple liniment, ointment, 
and cerate of the pharmacopeeia. + ae 

Wax, according to the observations of John, consists of 
two different principles, one of which is soluble, and the 
other insoluble in alcohol. To the former he has given the 
name of cerin, and to the latter of myricin. ‘From the ulti- 
mate analysis of Dr. Ure, whose result corresponds closely 
with that of Gay-Lussac and ‘Thenard, 100 parts of wax are 
composed of carbon 80.4, oxygen 8.3, and hydrogen 11:3 ; 
from which it is probable that it consists of 13 atoms of the 
first element, 1 atom of the second, and 11 atoms of the 
third. 


ALCOHOL. 561 


ALCOHOL. 


Alcohol is the intoxicating ingredient of all spirituous and 
vinous liquors. It does not exist ready formed in plants, but 
is a product of the vinous fermentation, the theory of which 
will be stated in a subsequent section. 

Common alcohol or spirit of wine is prepared by distilling 
whisky or some ardent spirit, and the rectified spirit of wine 
is procured by a second distillation. The first has a specific 
gravity of about 0.867, and the last at 0.895 or 0.84. In this 
state it contains a quantity of water, of which it may be freed 
by the action of substances which have a strong affinity for 
that liquid. Thus, when the carbonate of potassa, heated to 
about 300° F. is mixed with spirit of wine, the alkali unites” 
with the water forming a dense solution, which, on standing, 
separates from the alcohol, so that the latter may be removed 
by decantation. To the alcohol, thus deprived of a part of 
its water, fresh portions of the dry carbonate are successively 
added, until it falls through the spirit without being moist- 
ened. Other substances, which have a powerful attraction 
for water, may be substituted for the carbonate of potassa. 
Gay-Lussac recommends the use of pure lime or baryta; 
(An. de Ch, vol. Ixxxvi.) and dry alumina may also be em- 
ployed with advantage. A very convenient process is to mix 
the alcohol with the chloride of calcium, in powder, or with 
quicklime, and draw off the stronger portions by distillation. 
Another process for depriving alcohol of water 1s to put.it in- 
to the bladder of an ox, and suspend it over a sand bath. 
The water gradually passes through the coats of the bladder, 
whilethe pure alcohol is retained. (Journal of Science, vol. | 
xviii.) The strongest aleohol which can be procured by any 
of these processes has a specific gravity of 0.796 at 60° F. 
This is called absoluie alcohol, on the supposition of its be- 
ing quite free from water. 

- Alcohol is a colourless elastic fluid, of a penetrating odour, 
and burning taste. It is highly volatile, boiling, when its 
density is 0.820, at the temperature of 176° F. “The specific 
gravity of its vapour, according to Gay-Lussac, is 1.613. 
Like volatile liquids in general, it produces a considerable 
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degree of cold during its evaporation. Of all fluids it is the 
only one which has not hitherto been congealed. Mr. Hutton, 
indeed, announced in the 34th volume of Nicholson’s Jour- 
nal, that he had succeeded in freezing alcohol; but the fact 
itself is regarded as doubtful, since no description of the 
method has hitherto been published. In the experiments of 
Mr. Walker, alcohol was found to retain its fluidity at—91° F. 

Alcohol is highly inflammable, and burns with a lambent 
yellowish-blue flame. Its colour varies considerably with the 
strength of the alcohol, the blue tint predominating when it 
is strong, and the ee when it is diluted. The combus- 
tion is not attended with the least degree of smoke, and the 
sole products are water and carbonic acid, When transmit- 
ted through a red-hot tube of porcelain, it is resolved into car- 
buretted hydrogen, carbonic oxide, and water, and the tube is 
lined with a small quantity of charcoal. 

Alcohol unites with water in every proportion. The act 
of combining is usually attended with diminution of volume, 
so that a mixture of 50 measures of alcohol and 50 of water 
occupies less than 100 measures. Owing to this circumstance 
the action is accompanied with an increase of temperature. 
Since the density of the mixture increases as the water 
-predominates, the strength of the spirit may be estimated by 
its specific gravity. Equal weights of absolute alcohol and 
water constitute proof spirit, the density of which is 0.917; 
but the proof spirit employed by the colleges for tinctures 
has a specific gravity of 0.930, or 0.935. 

Of the salitiable bases alcohol can alone dissolve potassa, 
soda, lithia, ammonia, and the vegetable alkalies. None of 
the earths, or other metallic oxides, are dissolved by it. Most 
of the acids attack it by the aid of heat, giving rise to a class 
of bodies to which the name of ether is applied. All the 
salts which are either insoluble, or sparingly soluble in- 
water, are insoluble in alcohol. ‘The efflorescent salts are, 
likewise, for the most part insoluble in this menstruum ; but, 
on the contrary, it is capable of dissolving all the deliquescent © 
salts, except the carbonate of potassa. Many of the vegeta- 
ble principles, such as sugar, manna, camphor, resins, bal-— 
sams, and the essential oils, are soluble in alcohol. 
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The constitution of alcohol has been ably investigated by M. 
Saussure, jun. (An. de Ch. vol. Ixxxix.) | According to 
his analysis, which was made: by transmitting the vapour of 
absolute alcohol through a red-hot porcelain tube, and ex- 
amining the products, this fluid is composed of carbon 51.98, 
oxygen 34.32, and hydrogen 13.70. From these data, alco- 
hol is inferred to consist of 
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These numbers, it is obvious, are in such proportion that 
alcohol maybe regarded as a compound of 14 parts or one 
atom of olefiant gas, and 9 parts or one atom of water. 

Knowing the composition of alcohol by weight, it is easy 
to calculate the proportion of its constituents by measure. 
For this purpose it is only necessary to divide 14 by 0.972, 
(the sp. gr. of olefiant gas) and 9 by 0.625, (the sp. gr. of 
aqueous vapour); and as the quotients are very nearly equal, 
it follows that alcohol must consist of equal measures of 
aqueous vapour and olefiant gas. It is inferred, also, that 
these two. gaseous bodies, in uniting to form’ the vapour of 
alcohol, occupy half the space which they possessed sepa- 
rately; because the density of the vapour of alcohol, as cal- 
culated on this supposition, (0.9722 + 0.625 = 1.5972) cor- 
responds closely with 1.613,.the number which was’ ascer- 
tained experimentally by Gay-Lussac. 

Considerable uncertainty prevailed a few years ago as to 
the state in which alcohol exists in wine. Some were of opi- 
nion that it is generated by the heat employed in the distilla- 
tion, while others thought that the alcohol is merely separated 
during the process.. ‘This question was finally determined by 
Mr. Brande, who made it the subject of two essays which 
were published in the Philosophical Transactions for 1811 and 
1813. He there demonstrated that the alcohol exists ready 
formed in wine, by separating that principle without the aid 
of heat. His method consists in precipitating the acid and 

20 
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extractive colouring matters of the wine by the sub-acetate of 
lead, and then depriving the alcohol of water by dry carbonate 
of potassa, in the way already mentioned, The pure alcohol, 
which rises to the surface, is then measured by means of a 
narrow graduated glass tube. The same fact has since been 
established by the experiments of Gay-Lussac, who procured 
alcohol from wine by distilling it im vacuo at the temperature 
of 60° F. Healso succeeded in separating the alcohol by the 
‘method of Mr. Brande; but he suggests the employment of 
litharge in fine powder, instead of the sub-acetate of lead, for 
* precipitating the colouring matter. (Mém. d’Arcueil, vol. ii.) 
‘The preceding researches of. Mr. Brande led him to ex- 
amine the quantity of alcohol contained in spirituous and fer- 
mented liquors. According to his experiments, brandy, rum, 
gin, and whisky, contain from 51 to 54 per cent. of alcohol, 
of specific gravity 0.825. ‘The stronger wines, such as Lissa, 
Raisin wine, Marsala, Port, Madeira, Sherry, Teneriffe, 
Constantia, Malaga, Bucellas, Calcavella, and Vidonia, con- 
tain from between 18 or 19 to 25 per cent. of alcohol. In 
Claret, Sauterne, Burgundy, Hock, Champagne, Hermitage, 
and Gooseberry wine, the quantity is from 12 to, L7 per cent. 
In cyder, bs ale, and porter, the quantity varies from 4 
to near 10 ‘per cent. In all spirits, such as brandy or whis- 
ky, the alcohol is simply combined with water; whereas in 
wine it is in combination with, mucilaginous, saccharine, and 
other vegetable principles, a condition which tends to dimi- 
nish the action of the alcohol upon the system. This may, per- 
chaps, account. for the fact that brandy, which contains little 
more than twice as much real alcohol as good port wine, has an 
intoxicating power which is considerably more than double. 
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The name eéher was formerly, employed to designate. the 
volatile inflammable liquid which is formed by heating a mix- 
ture of alcohol and. sulphuric acid; but the same term .has 
sincé been extended to several other compounds produced by 
_ the action of acids on alcohol, and. which, from their volatility 
and inflammability, were supposed to be identical or nearly 
so with sulphuric ether... It appears, however, from the re- 
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searches of several chemists, but especially of M. Thenard, 
that ethers, though analogous in their leading properties, 
frequently differ both in composition and in shit mode of 
formation. (Mémoires d’Arcueil, vol. 1..and 11.) 

Sulphuric ether.—In forming this compound, strong sul- 
phuric acid is gently, poured upon an equal weight of recti- 
fied spirit of wine contained in a thin glass retort, and after 
mixing the fluids together by agitation, which occasions a free 
disengagement of caloric, the mixture is heated as rapidly as 
possible until ebullition commences. At the beginning of 
the process nothing but alcohol passes over; but as soon as 
the liquid boils, ether is generated, and condenses in the re- 
cipient, which is purposely kept cool by the application of 
ice or moist cloths. When a quantity of ether is collected, 
equal in general to about half of the alcohol employed, white 
fumes begin to appear in the retort. At this’ period, the 
process should be discontinued, or the receiver be changed ; 
for although ether does not cease to be generated, its quanti- 
ty is less considerable, and several other products make their 
appearance. Thus on continuing the operation, sulphurous 
acid is disengaged, and a yellowish liquid, commonly called 
ethereal oil or oil of wine, passes over into the receiver. If 
the heat be still continued, a large quantity of olefiant gas is 
disengaged, and all the phenomena ensue which were men- 
tioned inthe description of that compound. (Page 281.) - 

Ether, thus formed, is always mixed with alcohol, and 
generally with some sulphurous acid. To separate these im- 
purities the ether should be agitated with a strong solution 
of potassa, which neutralizes the acid, while the water unites 
with the alcohol. The ether is then distilled by a very gen- 
tle heat, and may be rendered still stronger by distillation 
from the chloride of calcium, 

To comprehend the theory of the formation of ether, it is 
necessary to compare the composition of this substance with 
that of alcohol. Ether was analyzed by M. Saussure in the same 
manner as alcohol; and from the data furnished by his analysis, 
corrected by Gay-Lussac, (An. de Ch. xcv.) ether is inferred 
to consist of 28 parts or two atoms of olefiant gas, and 9 parts 
or one atom of water.’ But alcohol is composed of one atom © 
of olefiant gas and one atom of water; so that, if from two 
atoms of alcohol we withdraw one atom of water, the remain- 
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ing elements are in exact proportion for constituting ether. 
This is the precise mode in which sulphuric acid is supposed 
to operate in generating ether, an effect which it is well cal- 
culated to produce, owing to its strong affinity for moisture. 
(Page 219.). This view was first proposed by Fourcroy and 
Vauquelin, and accounts for the phenomena ina very satis- 
factory manner. These chemists, it is:true, erred in think- 
ing that the sulpburic acid occasions no other change ; since 
subsequent observation has proved that the sulpho-vinic acid, 
to the constitution of which sulphuric acid is essential, is 
formed even at the very commencement of the process. Not- 
withstanding this error, however, the production of ether 
may be sii ascribed to the sulphuric acid abstracting water 
or its elements from the alcohol, an opinion which is sup- 
ported by various circumstances. ‘Thus it accounts for the 
disengagement of sulphurous acid and olefiant gas towards 
the middle and close of the process; for.since the elements 
of the alcohol alone contribute to the formation of ether, while 
all the sulphuric acid remains in the retort, and most of it in 
a free state, it is apparent that the relative quantities of al- 
cohol. and acid must be continually changing during the 
operation, until at length the latter predominates so greatly 
as to be able to deprive the former of all its water, and thus 
give rise to the disengagement of olefiant gas. (Page 281.) 
Accordingly it is well known, that if fresh alcohol be added 
as soon as the production of pure ether ceases, an additional 
quantity of that substance will be produced.. It follows, also, 
from the same doctrine, that the _power of the same portion 
of acid in forming ether must be limited, because it gradual- 
ly becomes so diluted with water, that it is at last unable to 
disunite the elements of ‘the alcohol... Consistently with. ‘the 
same view, it is found that ether, precisely analogous to that 
from sulphuric acid, may be prepared by digesting alcohol 
with other acids which have a strong affinity for water, as for 
example with phosphoric, arsenic, and fluoboric acids. 

The production of a peculiar acid in the preceding process 
was first noticed by M. Dabit, about. the year 1800. . This 
substance, to which the name of sulpho-vinic acid is.applied, 
has since been examined by Sertuerner, Vogel, and Gay- 
‘Lussac, and the two last mentioned philosophers regarded it 
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as a compound of hyposulphuric acid and a peculiar vegeta- 
ble matter. Mr. Hennel, however, has lately given a differ- 
ent, and to all appearance a more correct view of its nature. 
According to this chemist, sulphuric acid and the’ oil of wine 
are both composed of sulphuric acid and carburet of hydro- 
gen. The oil of wine, which bas no acid reaction when pure, 
consists of 2 atoms of sulphuric acid, 8 of carbon, and § of 
hydrogen. _When heated, it parts with half of its carbon and 
hydrogen, and sulpho-vinic acid remains, consisting of 2 atoms 
of sulphuric acid, 4 of carbon, and 4 of hydrogen. Crs 
of Science, xxi. p. 331.) 

Sulphuric ether is a colourless fluid, of a hot pungent taste, 
and fragrant odour. Its specific gravity in its purest form is 
about 0.'700, or according to Lovitz 0.632; but that of the 
shops is 0.74 or even lower, owing to the presence of alcohol. 
Its volatility is exceedingly great :—Under the atmospheric 
pressure, ether of density 0.720 boils at 96° or 98° F.,andat | 
about—40°F. ina vacuum. (Black’s Lectures, vol..i. p. 151.) — 
Its evaporation, from the rapidity with which it takes place, 
occasions intense cold, sufficient under favourable circum- 
stances for freezing mercury. Its vapour has a density of 
2.586. At 46 degrees below zero of Fahr. it congeals. 

_ Ether combines with alcohol in every proportion, but it 1s 
very sparingly soluble in water. When agitated with that 
fluid, the greater part separates on standing, a small quantity 
being retained, which imparts an ethereal odour to the water, 
The ether so washed is very pure, because the water retains 
the alcohol which had been mixed with it, 

Ether is highly inflammable, burning with a blue flame, 
and formation of water and carbonic acid, With oxygen gas 
its vapour forms a mixture which explodes violently on. the 
approach of flame, or by the electric spark, On being trans- 
mitted through a red-hot porcelain tube it, undergoes decom- 
position, and yields the same products as alcohol, 

When a coil of platinum wire is’ heated to redness, and 
then suspended above the surface of ether contained. in an 
open vessel, the wire instantly begins to glow, and continues 
in that state until all the ether is consumed.: (Davy.) During 
this slow combustion, pungent acrid fumes.are emitted, which, 
if received in a separate vessel, condense into a colourless li- 
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quid possessed of acid properties. Mr. Daniell, who pre- 
pared a large quantity of it, was at first inclined to regard it 
as a new acid, and described it under the name of lampic 
acid ; but he has since ascertained that its acidity is owing to 
the acetic acid, which is combined with some compound of 
carbon and hydrogen different both from ether and alcohol. 
(Journal of Science, vol. vi. and xii.) 

If ether is exposed to light in a vessel partially filled, and 
which is frequently opened, it gradually absorbs oxygen, and 
a portion of acetic acid is generated. ‘This change was first 
noticed by M. Planche, and has been confirmed by Gay- 
Lussac. (An. de Ch. et de Ph. vol. 11.) 

The solvent properties of ether are less extensive than 
those of alcohol. It dissolves the essential oils and resins; 
and some of the vegetable alkalies are soluble in it. It unites 
also with ammonia; but the fixed alkalies are insoluble in 
this menstruum. 

Nitrous ether.—This compound is prepared by distilling 
a mixture of concentrated nitric acid with an equal weight of 
alcohol; but as the reaction is apt to be exceedingly violent, 
the process should be conducted with extreme care. The 
_ safest method is to add the acid to the alcohol by small-quan- 
tities at a time, allowing the mixture to cool after each ad- 
dition before more acid is added. The distillation is then 
conducted at a very gentle temperature, and the ether col- 
lected in a Woulfe’s apparatus. ‘I'he theory of the process is 
in'some respects obscure; but as the formation of ether ’is at- 
tended with the disengagement of the protoxide and deutox- 
ide of nitrogen, together with free nitrogen and carbonic 
acid, it follows that the alcohol and acid mutually decompose 
each other. It appears, however, from the experiments of 
‘Thenard, that ether 1s a compound of alcohol and nitrous 
acid ; and, consequently, the essential change must consist in 
the conversion of nitric into nitrous acid at the expense of 
one part of the alcohol, while the remainder of that fluid 
combines with the nitrous acid. Consistently with this view, 
nitrous ether may be made directly by the action of Remy 
drous nitrous acid on pure alcohol. 

The nitrous agrees with sulphuric ether in its leading pro- 
perties; but it is still more volatile. When recently distilled 
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from quicklime by a gentle heat, it is quite neutral; but it 
soon becomes acid by keeping. ‘The products of its sponta- 
neous decomposition are alcohol, nitrous acid, and a little 
acetic acid. A similar change is instantly effected by mixing 
_ the ether with water, or distilling it» at.a high temperature. 

Itis.also decomposed by potassa, and, on evaporation, crystals 
of the nitrite or hyponitrite of that alkali are deposited. (Me- 
moires d’Arcueil, vol. i:) 

~ Acetic ether.—T his ether is analogous in composition to the 

preceding; and is formed’ by distilling acetic acid with an equal 
weight of alcohol. When set on fire, it burns with disengage- 
ment of acetic acid; and when mixed with a strong solution of 
potassa, and subjected to distillation, pure alcohol passes over, 
and'the acetate of potassa remains in the retort. It is hence 
inferredito consist ‘of acetic acid and alcohol. When pure 
it is quite neutral. 
- According ‘to Thenard, the acetic is the only segctabile 
acid which forms ether by being heated alone with alcohol. 
Ether may also be generated by treating the tartaric, oxalic, 
malic, citric, or benzoic acid with a mixture of alcohol and 
sulphuric acid, and Thenard regards these ethers as com- 
pounds of a vegetable acid with alcohol; but the employ-' 
ment ofa mineral acid in producing them renders additional 
experiments necessary before a decisive opinion can be formed 
concerning their composition. 

Muriatic ether.—This compound, which is preparéd. by. 
distilling a mixture of concentrated muriatic acid and pure 
alcohol, was supposed by Thenard to be analogous in com- 
position to nitrous ether. It appears, however, from the 
experiments of MM. Robiquet and Colin, that it con- 
sists of muriatic acid and the elements of olefiant gas, and. 
is therefore quite’ free from oxygen. (An. de Ch. et de 
Ph. vol. 11.) It does not affect the colour of litmus pa- 
per, volatilizes still more rapidly than sulphuric ether, and 
is highly inflammable. Its combustion is attended with the 
disengagement of a large quantity of muriatic acid gas. 

Hydriodic ether, fivati prepared by Gay-Lussac, appears to 


be similar in composition to muriatic ether, | 
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BITUMINOUS SUBSTANCES. 


Under this title are included several inflammable substan- 
ces which, though of vegetable origin, are found in the earth, 
or issue from. its seskenis They may be conveniently ar- 
ranged under the two heads of bitumen and pit-coal.. The 
first comprehends naphtha, petroleum, mineral tar, mineral 
pitch, asphaltum, and retinasphaltum, of which the three first 
mentioned are liquid, and the others solid. The second com- 
prises brown coal, the different, varieties of common or black 
coal, and glance ali 

_ Bitumen.—Naphtha is a volatile limpid liquid, of a dani 

peculiar odour, and light yellow colour. Its specific gravity, 
when highly rectified, is 0.758. It is very inflammable, and 
burns with a white flame mixed with much smoke. At 186° 
F. it enters into ebullition, and its vapour. has.a density of 
2.833. (Saussure.)' It: retains. its liquid form at zero’ of 
Iahrenheit. . It is. insoluble in water, and very soluble in 
aleohol; but it unites in: every proportion. with sulphuric 
ether, petroleum, and oils, It appears from the observations 
of Saussure to undergo no change a keeping, even in con- 
tact with air. ) 
_  Naphtha contains no oxygen, mn is hence employed for 
protecting the more oxidable metals, such as potassium and 
sodium, from oxidation. According to: the analysis of Saus- 
sure, it is composed of carbon and hydrogen in. the propor- 
tion of six atoms of ithe former to five of the. latter.. Dr. 
Thomson states. the composition of naphtha from. coal tar, 
which seems identical with mineral naphtha, to consist of 
six atoms of carbon, and six of hydragen. (Page 289.) 

Naphtha occurs in some parts of Italy, and on the banks 
of the Caspian Sea. It may be procured also by distillation 
from petroleum. 

| Petroleum is much Jess limpid than: naphtha, has a red- 
dish-brown colour, and is unctuous to the touch. Itis found 
in several parts of Britain and the Continent of Europe, 
in the West Indies, and in Persia. It occurs particularly i in 
coal districts. The mineral tar is very similar to petroleum, 
but is more viscid and of a deeper colour. Both these spe- 
cies become thick by exposure to the atmosphere, and in the 
opinion of Mr. Hatchett pass into solid bitumen. 
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Asphalium is a solid brittle bitumen, of a black colour, vi- 
treous lustre, and conchoidal fracture., It melts easily, and 
is very inflammable. It emits a bituminous odour when rub- 
bed, and by distillation yields a fluid lke naphtha. | It.is so- 
luble in about five times its weight of naphtha, and the, solu- 
tion forms a good varnish. It is rather denser than water. 

. Asphaltum is found on the surface and on the banks of the 
Dead Sea, and occurs in large quantity in Barbadoes and 
Trinidad. . It was employed by the ancients in building, and 
is said to have been used by the Egyptians.in embalming. 

Mineral Pitch or Maltha is likewise a solid bitumen, but 
is much softer than asphaltum. The elastic bitumen, or ; 
mineral caoutchouc, is a rare variety of mineral pitch, found — 
only in the Odin mine, near Castleton in Derbyshire, 

» Retinasphaltum is a peculiar bituminous substance, found 
associated with the brown coal of Bovey in Devonshire, and 
described by'Mr.. Hatchett in the Philosophical. Transactions 
for 1804. It consists partly of bitumen, and partly of resin, a 
composition which led Mr. Hatchett to the opinion that bitu- 
mens are chiefly formed from the resinous principle of plants. 
. Pit Coal.—The brown coal is. characterized by burning 
with a peculiar bituminous odour, like that of peat.. It. is 
sometimes earthy, but the fibrous structure of the wood from 
which it is derived is generally. more or less distinct, and hence 
this variety is called bituminous wood. The pitch coal or jet, 
which: is employed for forming: ear-rings and other. trinkets, 
is intermediate between brown and black coal, but is perhaps 
more closely allied to the former than the latter. 

Brown coal is found at Bovey in Devonshire, (Bovey coal) 
in) Iceland, where it is called, swrtwrbrand, and in several 
parts of the continent, especially at the Meissner in Hessia, 
in Saxony, Prussia, and Styria. 

Of the black or common coal there are ‘several. varieties, 
which differ from each other, not only in the quantity of fo- 
reign matters, such as the sulphuret, of iron and earthy sub- 
stances which they contain, but also in the proportion of what 
niay be regarded as essential constituents. ‘Thus some kinds 
of coal consist almost; entirely of carbonaceous matters, and 
therefore form little flame in burning; while others, of which 
the cannel coal is an example, yield a large quantity of inflam. 
mable gases by heat,’and consequently burn with a large flame. 
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~ Dr. Thomson has arranged the different kinds of coal which 
are met with in Britain into four subdivisions. (An. of Phil. 
vol. xiv.) The first is caking coal, because its particles are 
softened by heat and adhere together, forming a compact mass. 
The coal found at Newcastle, around Manchester, and in 
many other parts of England, is of this kind. The second is 
termed splint coal, from the splintery appearance of its frac- 
ture. The cherry coal occurs in Staffordshire, and in the 
neighbourhood of Glasgow. Its structure is slaty, and it is 
more easily broken than the splint coal, which is much harder. 
It easily takes fire, and is consumed rapidly, burning with a 
clear yellow flame. ‘The fourth kind is the cannel coal, which 
is found of peculiar purity at Wigan in Lancashire. In Scot- 
land it is known by the name of parrot coal. From the 
brillianey of the light which it emits while burning, it is 
sometimes used as a substitute for candles, a practice which 
is said to have led to the name of cannel coal. It has a very 
compact structure, does not soil the fingers when handled, 
and admits of being polished. Snuff-boxes and other orna- 
ments are made with this coal ; and it is peculiarly well fitted 
for forming coal gas. According to the experiments of Dr. 
‘Thomson, these varieties of coal are thus constituted : | 


Caking Coal. Splint Coal. Cherry Coal. Cannel Coal. 


Carbon, 75.28 75.00 74.45 64.72 
Hydrogen, 4.18 6.25 12.40 21.56 
Nitrogen, 15.96 6:25 10.22 13.72 
Oxygen, 4.58 12.50 2.93 0.00 

100.00 100.00 100.00 100.00 


Judging from the quantity of oxidized products (water, 
carbonic acid, and carbonic oxide,) which are procured dur- 
ing the distillation of coal, Dr. Henry infers that coal con- 
tains more oxygen than was found by Thomson. (Elements, 
10th Edition, vol. ii. p. 321.) This opinion is supperted by 
the analysis of Dr. Ure, who found 26.6 per cent. of oxygen 
in splint, and 21.9 in cannel coal. When coal is heated to 
redness in close vessels, a great quantity of volatile matter is 
dissipated, and a carbonaceous residue, called coke, remains 
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in the retort. The volatile substances are coal tar, acetic 
acid, water, sulphuretted hydrogen, and hydrosulphuret and 
carbonate of ammonia, together with the several gases for- 
merly enumerated. (Page 290.) The greater part of these 
substances are real products,’ that is, are generated during 
the distillation. The bituminous matters probably exist ready 
formed in coal; but Dr. Thomson is of opinion that these are 
also products, and that coals are atomic compounds of car- 
bon, hydrogen, nitrogen, and oxygen. 

Glance coal.—Glance coal, or anthracite, differs from com- 
mon coal, which it frequently accompanies, in containing no 
bituminous substances, and in not yielding inflammable gases 
by distillation. Its sole combustible ingredient is carbon, 
and consequently it burns without flame. It commonly oc- 
curs in the immediate vicinity of basalt, under circumstances 
which lead to the suspicion that it is coal from which the vo- 
Jatile ingredients have been expelled by subterranean heat. 
At the Meissner, in Hessia, it is found between a bed of 
brown coal and basalt. The Kilkenny coal appears to be a 
variety of Glance Coal. (‘Thomson, An. of Phy. vol. xv.) 


SECTION IV. 


SUBSTANCES, THE OXYGEN AND HYDROGEN OF WHICH ARE 
IN EXACT PROPORTION FOR LORMING WATER. 


SUGAR. ~ 


Sucaris an abundant vegetable product, existing in a great 
many ripe fruits, though few of them contain it in sufficient 
quantity for being collected. The juice which flows from in- 
cisions made in the trunk of the American maple tree,'is so 
powerfully saccharine that it may be applied to useful pur- 
poses. Sugar was prepared in France and Germany during 
the late war from the beet-root ; and Proust extracted it in 
Spain from grapes. But all the sugar at present used in 
Europe is obtained from the sugar-cane, (Arundo sacchari- 

Jfera) which contains it in greater quantity than any other 
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plant. The process, as practised in our West India Islands, 
consists in evaporating the juice of the ripe cane by a mo- 
derate and cautious ebullition, until it has attained a proper 
degree of consistency for crystallizing. During this opera- 
tion lime water is added, partly for the purpose of neutraliz- 
ing free acid, and partly to facilitate the separation of extrac-. 
tive and other vegetable matters, which unite with the lime 
and rise as a’scum to the surface. When the syrup is suffi- 
ciently concentrated, it is drawn off into shallow wooden cool- 
ers, where it becomes a soft solid composed of loose crystal- 
line grains. It is then put into barrels with holes in the bot- 
tom, through which a black ropy juice, called molasses or 
treacle, gradually drops, leaving the crystallized sugar com- 
paratively white and dry. Iu this state it constitutes the raw 
or muscovado sugar. PTD) 

The raw sugar is farther purified by boiling a so- 
lution of it with white of eggs, or the serum of bullock’s 
blood, lime water being generally employed at the same time. 
When properly concentrated, the clarified juice is received in 
conical earthen vessels, the apex of which is undermost, in or- 
der that the fluid parts may collect there, and be afterwards 
_ drawn off by the removal of a plug. In this state it is loaf or 
refined sugar. In the process of refining sugar, it is import- 
ant to concentrate the syrup by a low temperature; and on 
this account a very great improvement was introduced some 
years ago by conducting the evaporation in vacuo. 

Pure sugar is solid, white, inodorous, and of a very agree- 
able taste. Itis hard and brittle, and when ‘two pieces are 
rubbed against each other in the dark, phosphorescence is 
observed. It crystallizes in the form of four or six-sided 
prisms bevelled at the extremities. ‘The crystals are best 
made by fixing threads in syrup, which is allowed to evapo- 
rate spontaneously in a warm room, and the crystallization 
is promoted by adding spirit of wine. In this state it is 
known by the name of sugarcandy. — 

Sugar undergoes no change on exposure to the air; for 
the deliquescent property of raw sugar is owing to impuri- 
ties, It is soluble in an equal weight of cold, and to almost 
any extent in hot water. It is soluble in about four times its 
weight of boiling alcohol, and the saturated solution, by cool- 
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ing and spontaneous evaporation, deposites large crystals. 
When the aqueous solution of sugar is mixed with yeast, it 
undergoes the vinous fermentation, the theory of which will 
be explained in a subsequent section. 

Sugar unites with the alkalies and alkaline earths, forming 
compounds in which the taste of the sugar is greatly injured ; 
but it may be obtained again unchanged by neutralizing with 
sulphuric acid, and dissolving the sugar in alcohol. When 
boiled with the oxide of lead, it forms an insoluble compound, 
which consists of 58.26 parts of the oxide of lead, and 41.74 
parts of sugar ; (Berzelius) but it is not precipitated by the 
acetate or subacetate of lead. 


Sulphuric acid decomposes sugar with deposition of char- 


coal ; and nitric acid causes the production of oxalic acid, as 
ales described in a former section, The vegetable acids 
diminish the tendency of sugar to crystallize. | 

Sugar is very easily affected by heat, acquiring a dark co- 
lour and burned flavour. Ata high temperature it yields 
the usual products of the destructive distillation of vegetable 
matter, together with a considerable quantity of pyromucic 
acid. 

Sugar has been analyzed by Gay-Lussac and Thenard, 
Berzelius, Ure, Crum, and Prout. According to the ana- 
lysis of Prout, whose result differs slightly from those of the 
other chemists, but which is considered by Gay-Lussac as 
very near the truth, 100 parts of sugar contain 40 parts of 
carbon, 53.34 of oxygen, and 6.66 of hydrogen, the two 
last being in exact proportion for forming water. It is diffi- 
cult to determine the atomic constitution of sugar, but from 
the preceding data it follows that its elements are in the ratio 
of 6 parts or one atom of carbon, to 9 parts or one atom of 
water; or, by volume, of one measure of the vapour of car- 
bon to one measure of aqueous vapour. 


Molasses:—The saccharine principle of treacle has been. 


supposed to be different from crystallizable sugar ; but it 
more probably consists of common sugar, which is prevented 
from crystallizing by the presence of foreign substances such 
as saline, acid, and other vegetable matters. 

Sugar of grapes.—The sugar procured from the grape has 
the essential properties of common sugar. Its taste, however, 
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is not so sweet as common sugar, and according to Saussure 
it differs slightly in composition, containing a smaller quantity 
of carbon. The saccharine principle of the acidulous fruits 
has not been particularly examined. It is obtained with dif- 
ficulty in a pure state, owing to the presence of vegetable 
acids, which prevent it from crystallizing. ‘The sugar ob- 
tained from the beet root appears identical with common 
sugar. 

A saccharine substance similar to that from grapes may be 
procured from several vegetable principles, such as starch 
and the ligneous fibre, by the action of sulphuric acid. 

Honey.—According to Proust honey consists of two kinds. 
of saccharine matter, one of which crystallizes readily and is 
analogous to commen sugar, while the other is uncrystal- 
lizable. They may be separated by mixing honey with alco- 
hol, and pressing the solution through a piece of linen. The 
liquid sugar is removed, and the crystallizable portion is left 
in a solid state. Besides sugar it contains mucilaginous, co- 
louring, and odoriferous matter, and probably a vegetable 
acid, ! 

The natural history of honey is as yet imperfect. It is un- 
certain whether honey is merely collected by the bee from 
the nectaries of flowers, and then deposited in the hive :un- 
changed, or whether the saccharine matter of the flower does 
not undergo some change in the body of the animal. j 

Manna.—This saccharine matter is the concrete juice of 
several species of ash, and is procured in particular from the 
Fraxinus ornus.. The sweetness of manna is owing, not to 
sugar, but to adistinct principle called mannite, which is 
mixed with a peculiar vegetable extractive matter. Manna 
is soluble both in water and boiling alcohol, and the latter, on 
cooling, deposites pure mannite in the form of minute aci- 
cular crystals, which are often arranged in concentrical groups. 
Mannite differs from sugar, in not ppm fii when mixed 
with water and yeast. 


STARCH OR FECULA.——AMIDINE, 


Starch exists abundantly in the vegetable kingdom, being 
one of the chief ingredients of most varieties of grain, of some 
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roots, such as the potato, and. of the kernels of leguminous 
plants. It is easily procured: by letting a small current of 
water fall upon the dough of wheat flour inclosed in a piece 
of linen, and subjecting it at the same time to pressure be- 
tween the fingers, until the liquid passes off quite clear. The 
gluten of the flour is left in a pure state, the saccharine 
and mucilaginous matters are dissolved, and the starch is wash- 
ed away mechanically, being duntated from the water on 
standing i in the form of a white powder. An analogous pro- 
cess is practised on a large scale in the preparation of the 
starch of commerce ; and very pure starch may also be ob- 
tained in a similar manner from the potato. 

Starch is insipid and inodorous, of a white colour, and n= 
soluble in alcohol, ether, and cold water. It does not erys- 
tallize; but is commonly found in the shops in six-sided co- 
lumns of considerable regularity, a form occasioned by the 
contraction which it. suffers in drying. Boiling water acts. 
upon it readily, converting. it into a tenacious bulky jelly, 
which is employed for stiffening linen. In a large quantity 
of hot water, it.is dissolved completely, and is not deposited 
on cooling. ‘The aqueous solution is precipitated by sub- 
acetate of lead; but the best test of starch, by which it is 
distinguished from. all other substances, is iodine. | This 
principle forms a blue compound with starch, whether in a | 
solid state or when dissolved in cold water. | 

Starch unites with the alkalies, forming a compound which 
is soluble in water, and from which the starch is thrown 
down by acids. Strong sulphuric acid decomposes it. Ni- 
tric acid in the cold dissolves starch ;. but converts it by the 
aid of heat into the oxalic and malic acids. 

The effects of heat on starch are peculiar, and have lately 
been examined by M. Caventou.. (An. de Chem. et de Ph. 
vol. xxxi.) On exposing dry starch to a temperature a little 
above 212° F, it acquires a slightly red tint, emits an odour 
of baked bread, and is rendered soluble in cold water, Starch 
suffers a similar modification by the action of hot water. Ge- 
latinous starch is generally supposed to be a hydrate of starch ; 
but M. Caventou maintains that the jelly cannot by any me- 
thod be restored to its original state. He regards this mo- 
dified starch as identical with the substance described by 
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Saussure under the name of amidine. Saussure thought it was 
generated by exposing a paste made with starch and water 
for along time to the air; but according'to Caventou, the 
amidine was formed by the action of the hot water on starch 
in making the paste. Its essential character is to yield a blue 
colour with iodine, and to be soluble in cold water. When 
the solution is gently evaporated to dryness, it yields a trans- 
parent mass like horn, which retains its solubility in cold wa- 
ter. When starch is exposed to a still higher temperature 
than is sufficient for converting it into amidine, a more com- 
plete change is effected. It now dissolves with much great- 
er facility in cold: water, and gives a purple colour to iodine. 
A similar effect is produced by long continued boiling. 

The starch from wheat, according to the analysis of Gay- 
Lussac and Thenard, is composed, in 100 parts, of carbon 
43.55, oxvgen 49.68, and hydrogen 6.77; and this result 
agrees with the analysis of potato starch made by Berzelius. 
The proportion of the constituents of starch is therefore very 
analogous to that of sugar, a circumstance which will account 
for the conversion of the former into the latter.. This change 
is effected in seeds at the period of germination, .and is par- 
_ ticularly exemplified in the process of malting barley, during 
which the starch of that grain is converted into sugar. 
Proust * finds that barley contains a peculiar principle which 
he calls hordein, and which he conceived to be converted in 
malting partly into starch and partly into sugar. Dr. Thom- 
son is of opinion that hordein should rather be regarded asa 
modification of starch than asa distinct proximate principle.-+ 
A similar conversion of starch into sugar appears in some in- 
stances to be the effect of frost, asin the potato, apple, and 
parsnip. 

If starch is boiled for a considerable time in water acidu- 
lated with 1-12th of its weight of sulphuric acid, it is wholly 
converted into a saccharine matter similar to that of the grape. 
This fact was first observed by Kirchoff, and has since been 
particularly examined by Vogel, De la Rive, and Saussure. It 
has been established by Saussure that the oxygen of the air 
exerts no influence over the process, that no gas is disen- 


. \ 
* An. de Ch. et de Ph, vol. v. + Annals of Philosophy, vol. x. 
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gaged; that the quantity of acid suffers no diminution, and 
that 100 ‘parts of starch yield 110.14 of sugar. By careful 
analysis, he found that the only difference in the composition 
of the starch and sugar is, that the latter contains more of 
the elements of water than the former: He hence inferred 
that the starch is converted into sugar by its elements com- 
bining with a certain quantity of oxygen and hydrogen in 
the proportion to form water; and that the acid acts only by 
increasing the fluidity of the mass. (An. of Philosophy, vol. 
vi.) Saussure also found that a large quantity of saccharine 
matter is produced, when gelatinous starch or amidine is 
kept for a long time either with or without the access of air. 
(An. de Ch. et de Ph. vol xi.) toe 

The recent researches of M. Caventou, already referred to, 
have thrown considerable light on the chemical nature of ‘se- 
veral of the amylaceous prineiples of commerce. The Indian 
arrow root, which is prepared from the root of the Maranta 
arundinacea; has all the characters of pure starch: Sago, 
obtained from the pith of an East Indian palm tree, (Cycas 
circinalis ) and tapioca, from the root of the Jatropha Mani- 
hot, are chemically the same substance. ‘They both exist in 
the plants from which they are extracted in the form of 
starch; but as .|heat is employed in their preparation, the 
starch*is more ‘or less completely converted into amidine. ‘It 
hence follows ‘that ‘pure: potato starch may be used instead 
ofvarrow root, and that ‘the same material, modified by heat, 
would afford'a’ good substitute for sago and tapioca. Salep, 
which is obtained from the Orchis mascula, consists almost 
entirely of the substance called bassorin, together ies a 
small quantity of gum and starch. 


GUM. Di 
Gum is a comnion proximate principle of vegetables, and 
is not confined to any particular part of plants. The purest 
variety is the gum arabic, the concrete juice of several species 
of the Mimosa or Acacia, natives of Africa and Arabia. 
Gum arabic occurs in small rounded, transparent, friable 
grains, commonly of a pale yellow colour, inodorous, and 
nearly tasteless. It softens when put into water, and then 


dissolves, forming a viscid solution called mucilage. It is in- 
2P 
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soluble in alcohol and ether, and the former precipitates gum 
from its solution in water in the form of opaque white flakes. 
It is soluble both in alkaline solutions and in lime water, 
and is precipitated unchanged by acids. The dilute: acids 
dissolve, and. the concentrated acids decompose gum. | Sul- 
phuric acid causes the formation of water and acetic acid, 
and deposition of charcoal. -Digested with strong nitric acid, 
it yields saccholactic acid, a property which forms a good 
character for gum. . The malic and oxalic acids are generat- 
ed at the same time. 

The aqueous solution of gum may be preserved a consi- 
derable time without alteration; but at length it becomes 
sour, and exhales an odour of acetic acid; a change which 
takes place without exposure to the air, and must therefore 
be owing to a new arrangement of its own elements. 

Gum is precipitated from its solution in water by several 
metallic salts, and especially by the sub-acetate of lead, 
which occasions a curdy precipitate, consisting of 38.25 parts 
of the oxide of lead and 61.75 parts of gum. (Berzelius.) 

When gum is heated to redness in close vessels, it yields, 
in addition to the usual products, a small quantity of am- 
monia, which is probably derived from some impurity. « It 
affords a large residue of ash, when burned, which amounts 
to three per cent., and consists chiefly of the carbonate, toge- 
ther with some phosphate of lime, and a little iron. 

From the analysis of Gay-Lussac and Thenard, it appears 
that 100 parts of gum arabic consist of carbon 42.23, oxy- 
gen 50.84, and. hydrogen 6.93. This result corresponds 
very closely with that of Berzelius. 

Besides gum arabic there are several well-marked kinds of 
this principle, especially the gum tragacanth, cherry tree gum, 
and the mucilage from linseed. All these varieties, though 
distinguishable from one another by some. peculiarity, have 
the common character of yielding the saccholactic by the ac- 
tion of nitric acid, (Dr. Bostock in Nicholson’s. Journal, 
vol. xviii.) The substance called vegetable jelly, such as’ is 
derived from the currant, appears to be mucilage or some'mo- 
dification of gum combined with vegetable acid. 
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Lignin or the woody fibre constitutes the fibrous structure 
of vegetable substances, and is the most abundant principle 
in plants. The different kinds of wood contain about 96 per 
cent. of lignin. It is prepared by digesting the sawings of 
any kind: of wood: successively in alcohol, water, and dilute 
muriatic acid, until all the substances soluble in these men- 
strua are removed. 

Lignin has neither taste nor odour, undergoes no sinh 
by keeping, and is insoluble in alcohol, water, and the dilute 
acids. By digestion in a concentrated solution of pure po- 
tassa, it is converted, according to M. Braconnot, into a sub- 
stance similar to ulmin. Mixed with strong sulphuric acid it 
suffers decomposition, and is changed into a matter resem- 
bling gum ; and on boiling the liquid for some time, the mu- 
cilage disappears, and a saccharine principle like the sugar 
of grapes is generated. M. Braconnot finds that several other 
substances which consist chiefly of woody fibre, such as straw, 
bark, or linen, yield sugar by a similar treatment. (An. de 
Ch. et de Ph. vol. xi.) Digested in nitric acid, lignin is 
converted into the oxalic, malic, and acetic acids, 

- When the woody fibre is heated in close vessels, it yields 
a large quantity of impure acetic acid, (pyroligneous acid) 
and charcoal of great purity remains in the retort. During 
this process a peculiar spirituous liquid is formed, which was 
discovered in 1512 by Mr. P. Taylor,* and has been exa- 
mined by MM. Macaire and Marcet,} who proposed for 
it the name of pyrowylic spirit. This liquid is similar to al. 
cohol in’ several of its properties, but differs from it essen- 
tially in not yielding ether by the action of sulphuric acid. 
It has a strong, pungent, ethereal odour, with a flavour like 
the oil of peppermint. It boils at 150° F. and its density is 
0.828. It burns with a blue flame, and without residue, 
The pyro-acetic spirit, obtained by Mr. Chenevix by distill- 
ing the acetates of manganese, zinc, and lead, differs from 


* Quarterly Journal, vol. xiy. p. 436. 
+ Annals of Philosophy, N.S. vol. viii. p. 69. 
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the pyroxylic spirit, not only in composition, but in, burning 
with a yellow flame, and in being miscible in all proportions 
with the oil of turpentine. The pyroxylic spirit, according 
to the analysis of Macaire and Marcet, consists of carbon, 
oxygen, and hydrogen, very nearly in the proportion» of 6. 
atoms of the first, 4 atoms of the second, and 7 atoms of the 
third ; and the pyro-acetic spirit, of carbon 4 atoms, oxygen 
2 atoms, and hydrogen 3 atoms. The pyro-acetic spirit ap- 
pears very similar, if not identical with the pyro-acetic ether 
of Derosne ; and, like the pyroxylic spirit, differs essentially 
from alcohol in not yielding ether by the action of sulphuric 
acid. (Page 519.) 

The ligneous fibre was found by Gay-Lussac and Thenard 
to consist of carbon 51.43, oxygen 42.73, and hydrogen 5.82. 


SECTION V. 


SUBSTANCES WHICH, SO FAR AS IS KNOWN, DO NOT BE- 
LONG TO EITHER OF THE PRECEDING SECTIONS. 


COLOURING MATTER. 


Infinite diuceaty exists in the colour of vegetalte substan- 
ces, but the prevailing tints are red, yellow, blue, and green, 
or mixtures of these colours. The colouring matter rarely or, 
_ never oceurs in an insulated state, but is alien attached to 
some other proximate principle, such as mucilaginous, extrac- 
tive, farinaceous; or resinous ‘substances, by which some of 
its properties, and in particular that of solubility, is greatly 
influenced. Nearly all kinds of vegetable coloring matter are 

decomposed by the combined agency of the sun’s rays jand a) 
moist atmosphere, and they are all, without exception, destroy- 
ed by chlorine. (Page 237.) Heat, likewise, has a similat 
effect, even without being very intense; for a temperature 
between 300° or 400° F. aided by moist. air, destroys the 
colouring ingredient. Acids and alkalies commonly change 
the tint a vegetable colours, entering into combination with 
them, so as to form new compounds. 

Several of the metallic oxides, and especially alumina, and 
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the oxides of iron and tin, form with colouring matter inso- 
luble compounds, to which the name. of lakes is applied, 
Lakes are commonly obtained by mixing alum or the muri- 
ate of the peroxide of tin with a coloured solution, and then 
by means of an alkali precipitating the oxide which unites 
with the colour at the moment of separation. On: this pro- 
perty-are founded many of the processes in dyeing and calico- 
printing. The art of the dyer consists in giving an uniform 
and permanent colour to cloth. This is sometimes effected 
merely. by immersing the cloth in the ‘coloured, solution ; 
whereas in other instances the affinity between the colour and 
the fibre of the cloth is so slight, that it only receives a stain 
which is removed by washing with water. In this case some 
third substance is requisite, which has.an affinity both for the 
cloth and the colouring matter, and which, by combining at 
the same time with each, may cause the dye to be permanent. 
A substance of this kind was formerly called a mordaunt, but 
the term basis, introduced by the late Mr. Henry of Man- 
chester, is now more generally employed. The most im- 
portant bases, and indeed the only ones in common.use, are 
alumina, the oxide of iron, and the oxide of tin..”The two 
former are exhibited in combination either with the sulphuric 
or acetic acid, and the latter most commonly as the muriate. 
Those colouring substances that adhere to the cloth without 
a basis are called substantive colours, and those which require 
a basis, adjective colours. 

Various as are the tints observable in aued stuffs, they may 
all. be produced, by the four simple ones, blue, red, yellow, 
and black; and hence it will be convenient to treat of co- 
louring matters in that order. 

Blue dyes.—Indigo is the chief substance abies ere for giv- 
ing the blue dye. The best indigo is obtained from an Ameri- 
can and Asiatic plant the Indigofera, but an inferior sort has 
_ also ke2n prepared from the Jsatis tinctoria or woad, a native 
of Europe. The plant is cut a short time before its flowering; 
and.is put into large vats covered’ with water, when fermen; 
tation spontaneously ensues, during, which the indigo subs 
sides in the form of a pulverulent pulpy matter: Its.colour 
is at first green; but by exposure to the air it absorbs oxy. 
gen and becomes blue, 
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Indigo is a light brittle substance, of a deep blue colour, 
and without either taste or odour. At 550° F. it. sublimes, 
forming a violet vapour with a tint of red, and condensing in- 
to long flat acicular crystals, which appear red by reflected, 
and blue by transmitted light. ‘The process of subliming in- 
digo is one of considerable delicacy, owing to the circumstance 
that the temperature at -which it sublimes is very near, that 
at which it is decomposed. | Sublimation, however,. affords 
the best method of procuring indigo in a state of perfect pu- 
rity, and minute directions have been given by Mr. Crum for 
conducting it with success. (An. of Phil. N.S. vol. v.) 

Indigo in its dry state may be preserved without change; 
but when kept under water it is gradually decomposed... It 
is quite insoluble in water and alcohol, and is attacked by the 
alkalies in a partial manner. Its only proper solvent is :con- 
centrated sulphuric acid. When indigo is put into this acid, 
a yellow solution is at first formed, which, after a few hours, 
acquires a deep blue colour. If the indigo is pure, sulphur 
ous acid is not generated, nor is the acid decomposed ; but 
the indigo undergoes a change, for it is rendered soluble in 
water. To the indigo thus modified Mr. Crum has. applied 
the name of cerulin, and he regards it as a compound of one 
_atom of indigo, and 4 atoms of water. ‘This solution, pro- 
perly diluted with water, is employed by dyers for forming 
what is called the Saxon blue. Myr. Crum has also described 
another compound of indigo and water, under the name of 
Phenecin, from goin purple, because it acquires a purple co- 
lour on the addition of a salt. It appears to consist of one 
atom of indigo, and two atoms of water. 

When indigo, suspended in water, is brought into contact 
with certain deoxidizing agents, it is deprived of oxygen, 
becomes green, and is rendered soluble in water, and still 
more so in the alkalies. ‘This effect’ is produced, for exam- 
ple, by sulphuretted hydrogen, by the hydrosulphuret of am- 
monia, by the protoxide of iron precipitated by lime or po- 
tassa, or by a solution of the sulphuret of arsenic in potash. 
On dipping cloth into a solution of deoxidized indigo, it re- 
ceives a green tint, which becomes blue by exposure to the 
air, This is the usual method of dyeing blue by means of in- 
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digo, a colour which adheres per pn ieenpeer to cloth without the 
intervention of a basis. . 

From the analytical researches of Mr. Crum, it appears 
that indigo is composed of nitrogen, oxygen, hydrogen, and 
carbon, in the proportion of 1 atom of the first element, 2 
of the second, 4:o0f the third, and 16 of the fourth.. This 
would make its atomic weight 130. 

. Red dyes.—The chief gbhianige which are cial for 
giving the red dye are cochineal, archil, madder, Brazil wood, 
logwood, and safflower, all of which are adjective -colours. 


The cochineal is obtained from an insect which feeds upon the 


leaves of several species of the cactus, and which is supposed 
to derive: this colourmg matter from its food. It is very solu- 
ble in water, and is fixed on cloth by means of alumina or the 
oxide of tin. Its natural colour is crimson; but when the 
bitartrate of potassa is added to the solution, it yields a rich 
scarlet dye. The beautiful pigment called carmine is a lake 
made of cochineal and alumina, or the oxide of tin. 

. The dye called archil is obtained from a peculiar kind of 


lichen, (Lichen roccella,) which grows chiefly in the Canary 


Islands; and is employed by the Dutch in forming the blue 


pigment called litmus or turnsol, The colouring ingredi- 


ent of litmus is a compound of. the red: colouring matter of 


the lichen and an alkali; and hence, on the addition of an 


acid, the colouring matter is set free, and the red tint of 


the plant is restored. Litmus is not only used as a dye, but 
is employed by chemists for detecting the presence of a free 


acid. 
The colouring princinid of logwood has been procured i in 


a separate state ‘by M. Chevreul, who has applied to it the 
name of hematin. (An. de Ch. vol. lxxxi,) It is obtained in 


crystals.by digesting the aqueous extract of logwood in alco-, 
hol, and allowing the alcoholic ‘solution to evaporate sponta- 


neously, 


The safflower.is the’ dried flowers of the cadshairiees tincto- 
rius, which is cultivated in Egypt, Spain, and in some parts _ 


wey 


of the Levant. The pigment called rouge is prepared from _ 


this dye. . Madder is. the,root of the rwbia tinctorum. 


Yellow dyes.—The chief yellow dyes are the quercitron- . 


bark, turmeric, wild, American hiccory, fustic, and _ saffron. 
They are all adjective colours. The quercitron bark, which 


4 
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is one of the most important.of the yellow dyes, was intro- 
duced into notice by Dr. Bancroft. With a basis of Alumi- 
na, the decoction of this bark gives a bright yellow dye. 
With the oxide of tin it communicates a variety of tints, 
which may be made to vary from a pale lemon colour to deep 
orange. With the oxide of iron it gives a drab colour. 

Turmeric is the root of. the Curcuma longo, a native of 
the East Indies. Paper stained with a decoction of this sub- 
stance constitutes the turmeric or curcuma paper employed 
by chemists as a test of free alkali, by the action of which it 
receives a brown stain. 

The colouring ingredient of saffron ( lindas sativus) 1s so- 
luble in water and alcohol, has a bright yellow colour, is ren- 
dered. blue and then lilac by sulphuric acid, and receives a 
green tint on the addition of nitric acid. From the great di-~ 
versity of colours which it is capable of assuming under dif- 
ferent circumstances, MM. Bouillon Lagrange and Vogel have 
proposed for it the name of Polychroite. (An. de Ch. vol. Ixxx.) 

Black dyes.—The black dye is made of the same ingredi- 
ents as writing ink, and therefore consists essentially of a 
compound of the oxide of iron with gallic acid and. tannin. 
From the addition of logwood and acetate of copper; the 
black receives a shade of blue. 

By the dexterous combination of the four leading ndicand) 
blue, red, yellow, and black, all other shades of colour may 
be procured. ‘Thus green is communicated by forming-a 
blue ground with indigo, and then adding a yellow by means 
of quercitron bark. 

The reader who is desirous. of! studying the baal of 
dyeing and calico-printing, a subject which does not falk 
within the plan of this work, may consult Berthollet’s Ele- 
ments deVart de la Tetnture; the treatise of Dr. Bancroft on 
Permanent Colours ; a paper by Mr. Henry in the third vo- 
lume of the Manchester Memoirs; and the essay of Thenard 
and Roard in the ‘74th volume of the Annales de Chimie. 


TANNIN. 


Tannin exists: in large quantity in the excrescences of Se- 
veral species of the oak, called gall-nuts ; in the bark of most 
trees ; in some inspissated juices, such as kino and catechu ; 
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in the leaves of the tea-plant, sumach, whortleberry, (woa ure 
st, ) and in all astringent plants, being’ the chief ‘cause of the 
astringency of vegetable matter. Itis frequently associated 
with gallic acid, as for example in gall-nuts, most kinds of 
bark, and in tea; but in kino, catechu, ‘and cinchona bark, 
no gallic.acid is present. In ‘some instances tannin’ appears 
to be converted into gallic acid. Thus on exposing an in- 
fusion of gall-nuts for some time to the air, nearly all the 
tannin disappears, and a quantity of gallic acid is found in 
the liquid much greater than what it had originally | con- 
tained. (Page 537.) | 

Several processes have been recommended for the pr epara- 
tionof tannin; but it is doubtful if it has ever, by these mes 
thods, been obtained in a pure state. Owing to this circum- 
stance, the nature and composition of tannin is involved im 
obscurity. Proust proposes to prepare tannin by pouring the 
muriate of tin into a concentrated solution of Aleppo-galls, un- 
til the yellowish precipitate, which at first falls, ceases to appear. 
The precipitate is washed with'a small quantity of cold ‘water, 
and then dissolved in warm water, through which a current of 
sulphuretted hydrogen gas is transmitted, in order to pre- 
cipitate the tin. From the clear liquid, after being filtered, 
the tannin, mixed with a little gallic acid and extractive mat- 
ter, is procured by gentle evaporation. 

Tannin, in its dry state, is a brown friable substance, of a 
resinous fracture, insoluble in pure alcohol, but soluble in 
_ water. The aqueous solution has a deep brown colour, and 
is said not to become mouldy by keeping. — It has a strong 
attraction both for ‘acids and alkalies, forming compounds 
which are, for the most part, of sparing solubility in water. 
Thus the sulphuric, muriatic, and most. other acids, added 
to a solution of gall-nuts, cause a precipitate, which is tannin 
combined-with a portion of acid. The alkaline bases have 
a similar effect. ‘Tannin is precipitated, for example, by the 
carbonates of potassa and ammonia, by the alkaline earths, 
by alumina, and many of the oxides of the common metals. 
Nitric acid and chlorine decompose tannin, producing a 
i the nature of which is not well understood. 

+The most characteristic property of tannin is its action on 
asalt of iromand a solution of gelatine. » With the peroxide 
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of iron, or still better with the protoxide and peroxide mixed, 
tannin forms a black-coloured compound, which, together 
with the gallate of iron, constitutes the basis of writing ink 
and the black dyes. (Page 538.) Mixed with a solution of 
gelatine, a yellowish flocculent precipitate subsides, which is 
insoluble in water, resists putrefaction powerfully, and on 
drying becomes hard and tough. This substance, to which 
the name of tanno-gelatine has been applied, is the essential 
basis of leather, being always formed when skins are macer- 
ated in an infusion of bark. ‘The composition of tanno-ge- 
latineis not always uniform, having been found by Dr, Dun- 
can, jun. and Dr. Bostock, to vary with the proportions em- 
ployed. If the gelatine is added in shght excess only; 
the resulting compound consists, according to Sir H. Davy; 
of 54 parts of gelatine and 46 of tannin; so that the quantity 
of tannin contained in any fluid may in this way be deter- 
mined with tolerable precision. Tanno-gelatine is soluble ta 
a considerable extent in an excess of gelatine. 

From an analysis of the compound of, tannin and the ox- 
ide of lead, Berzelius states that 100 parts of tannin are com- 
posed of carbon 50.55, oxygen 45, and hydrogen 4.45. 
Little reliance, however, can be placed on-this result, because 
we are quite uncertain as to the purity of the tannin, which 
was combined with the lead, ) 

From the experiments of Sir H. Davy, it appears that the 
inner cortical layers of barks are the richest in tannin. The 
quantity is greatest in the beginning of spring, at the time. 
the buds begin to open, and smallest during winter. Of-all 
the varieties of bark which he examined, that of the oak con- 
tains the greatest quantity of tannin. 

Artificial tannin.—This interesting substance was discov- 
ered twenty years ago by Mr. Hatchett, who gave a full de- 
scription of it in the Philosophical ‘Transactions for 1905 and 
1806. ‘The best method of preparing it, is by the action of 
nitric acid on charcoal. For this purpose, 100 grains of char- 
coal in fine powder are digested in nitric acid, of density 1.4, 
diluted with two ounces of water. The mixture is exposed 
to a gentle heat, which is to be continued until all the char- 
coal is dissolved. The reddish-brown solution is then evapo- 
rated to dryness, in order to expel the pure acid, the tem- 
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perature being carefully regulated towards the closé of the 
process, so that the product may not be decomposed, 

. Artificial tannin is a brown fusible substance, of a resinous 
fracture, and astringent taste. It is soluble even in cold wa. 
ter.and in alcohol. It reddens litmus paper, probably from 
adhering nitric acid. With a salt of iron and solution of ge- 
latine it-acts precisely in the same manner as natural tarinin. 
It differs, however, from that substance in not being decom- 
posed by the action of strong nitric acid. | 

Artificial tannin may be prepared in several ways. “Thus 
it is generated by the action of nitric acid, both on animal or 
vegetable: charcoal, and on pit-coal, asphaltum, jet, indigo, 
common resin, aud several resinous substances. It is also’ 
procured by treating common resin, elemi, assafcetida, cam- 
phor, balsams, &c. first with sulphuric acid, and then with 
alcohol. 


GLUTEN.——YEAST.—VEGETABLE ALBUMEN. 


‘Gluten is procured by the process which was described 
for preparing ‘starch from. wheat flour. (Pages 576, 5777.) 
It has a gray colour and fibrous structure, accompanied 
with a high degree of viscidity and elasticity. It has 
scarcely any taste, and is insoluble in water, alcohol, and 
ether; but Dr. Bostock found, that a/small portion is taken 
up by long digestion in water. Both the acids and alkalies 
dissolve gluten.» The acid solution is précipitated by an al- 
kali, and reciprocally ‘the alkaline solution by an acid, the 
gluten in each case having lost its elasticity. 

When gluten is kept in a warm moist situation, it ferments, 
and an acid is formed; but in a few days putrefaction en- 
sues, and an offensive odour, like that of putrefying animal 
matter, is emitted. According to Proust, who has made 
these spontaneous changes a particular object of study, the 
process is divisible into.two distinct periods. In the first, 
carbonic acid and pure hydrogen gases are evolved; and in 
the ‘second; besides the acetic and phosphoric acids and am. 
monia, two new compounds are generated, for which he pro. 
poses the names of caseic acid and cascous oxide. _'These are 
the same principles which are generated during the fermenta- 
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tion of the curd of milk, and to the former is owing the:cha- 
racteristic flavour of cheese. It is apparent from these cir- 
cumstances that gluten contains nitrogen as one of its ele- 
ments, and that it approaches closely to the nature of ‘animal 
substances. It has hence been called a vegeacingine prin- 
ciple. | 
If gluten is dried by a gentle heat, it dovitnseped in vaileiiby 
becomes hard and brittle, and may in this state ‘be preserved 
without change. Exposed to a strong heat, it yields, in ad- 
dition to the usual inflammable gases, a thick em oil, and 
carbonate of ammonia. 

- Gluten is present in most kinds of grain, such as inbients 
wainley, rye, oats, peas, and beans; but the first contains it in 
by far the largest proportion. This is the reason that wheat- 
en bread is more nutritious than that made with other kinds 
of flour; for of all vegetable substances gluten appears to be 
the most nutritive. It is to the presence of gluten that 
wheat-flour owes its property of forming a tenacious paste 
with water. 'To the same cause is owing the formation of 
light spongy bread, the carbonic acid which is disengaged 
during the fermentation of dough, being detained: by the vis- 


_oid gluten, distends the whole mass, and thus produces the 


- 


rising of the dough. From the experiments of Sir H. Davy, 
it appears that. good wheat flour contains from 19 to 24 per 
cent. of gluten. The wheat grown in thesouth of Europe is 
richer in gluten than that of colder climates. 

M. 'Taddey, an Italian chemist, has succeeded in obtain- 
ing two distinet principles from gluten, to one of which he 
has applied the name of gitadine, from: yiua, gluten, and to 
the other that of OP shad from Cyu7, a ferment. (Ann. of 
Phil. vol. xv.) 

To obtain these Brivieiddesy the gluten is boiled with suc- 
cessive portions of alcohol, until the spirit ceases to be ren- 
dered milky by the addition of water. By this process the 
gliadine, which is soluble in alcohol,1s dissolved, and may be 
procured by evaporating the alcoholic solution, while the 
zymome, which is insoluble in that menstruum, is ae im a 
pure state. - ~ 

Gliadine is a brittle, slightly transparent stibstantey of a 
yellow colour, and a sweetish balsamic taste. Its smell, in 
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the cold, is like that of the honeycomb; but, when heated, 
it emits an odour similar to that of boiled apples. It is so- 
luble-to a considerable: extent in boiling alcohol, and is in 
part deposited in cooling. The alcoholic solution is rendered 
milky by water, and the gliadine is precipitated in white 
flakes by alkaline carbonates: | It is insoluble in’ water, but is 
dissolved by acids and alkalies... When heated in the pen 
air, it takes fire, and burns with a bright flame. | 

Zymome is.a hard tough substance, but does» not possess 
the viscidity of gluten, It is insoluble in water and alcohol; 
but it is dissolved in vinegar and the mineral acids by the 
aid of heat, and forms a soap with pure potassa. Under. fa- 
vourable circumstances it putrefies, without previously fer- 
menting like gluten; and when heated it emits an odour like 
that of burning hair. It produces various kinds of ferment- 
ation according to the nature of the substance with which it 
comes in contact. 

M. 'T'addey has discovered a very delicate test of the pre- 
sence of Zymome. On mixing the powder of guaiacum with 
zymome, a) beautiful: blue colour instantly appears, and the 
same » phenomenon: ensues, though :less ;rapidly, when it is 
kneaded, with gluten or the flour of good wheat moistened 
with water. With bad flour, the gluten of which has suffered 
spontaneous decomposition, the blue tint is scarcely visible. © 
The intensity of the colour, indeed, is entirely dependant on 
the relative quantity of zymome contained in the flour; and 
since the quantity. of zymome is proportional to the quantity 
of gluten, the proportion of the latter, and therefore the qua- 
lity of the flour, may be estimated seat ane by the; ac- 
tion of guaiacum. i 

The nature of the change wbigh gives rise to the Shoes cO- 
lour has not been explained; but oxygen gas is obviously 
essential to it, since the phenomenon does not take place at 
all when atmospheric air is excluded. 

Yeast.—This substance is always generated during they vi- 
nous fermentation of vegetable juices and duit rising 
to the surface in the form of a frothy, flocculent, somewhat 
viscid matter, the nature and composition of which are un. 
known. It is insoluble in, water and alcohol, and in a warm 
moist atmosphere gradually putrefies, a sufficient proof that 
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ammonia is one of its elements. Submitted to a moderate 
heat, it becomes dry and hard, and may in this. state be pre- 
served without change. Heated to redness in close vessels, 
it yields products similar to those. procured under the same 
circumstances from gluten. To this substance, indeed, yeast 
is supposed by some chemists to be very closely allied. 

The most remarkable property of yeast is that of exciting 
fermentation. By exposure for a few minutes to the heat of 
boiling water, it loses this property, but after some time again 
acquires it. Nothing conclusive is known concerning either 
the nature of these changes, or the mode.in which yeast ope- 
rates in establishing the fermentative process. | 

Vegetable albumen.—Some vegetables contain a substance 
‘coagulable by heat, and which is very analogous to animal 
albumen or curd. It was found in the bitter almond by 
Vogel, in the sweet almond by M. Boullay, and probably 


exists in most of the emulsive seeds. (Ann. of Ph. vol. 


xi. p. 39.) 


ASPARAGIN, BASSORIN, CAFFEIN, CATHARTIN, FUNGIN, SU- 

BERIN, ULMIN, LUPULIN, INULIN, MEDULLIN, POLLENIN, 

PIPERIN, OLIVILE, SARCOCOLL, EXTRACTIVE MATTER, BIT- 
TER PRINCIPLE, &c. | 


Asparagin. — This principle was discovered by MM. 
Vauquelin and Robiquet in the juice of the asparagus, from 
which it is deposited in crystals by evaporation. Its taste is 
cool and slightly nauseous, it is soluble in water, and has 
neither an acid nor alkaline reaction. (Ann. de Ch. vol. lvii.) 

Bassorin was first noticed in gum Bassora by Vauquelin. 
According to Gehlen and Bucholz, it is contained, together 
with common gum, in the gum tragacanth, and John found 
it in the gum of the cherry tree. Salep, from the experi- 
ments of Caventou, appears to consist almost totally of Bas. 
sorin. : 
Bassorin is characterized by forming with cold water a 
bulky jelly which is insoluble in that menstruum, as well as 
in alcohol and ether. Boiling water does not dissolve it ex- 
cept by long continued ebullition, when the bassorin at 
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length disappears, and is converted into a substance’ similar 
to gum arabic. vA 

Caffein was discovered in coffee by M. Robiquet in the 
year 1821, and was soon after obtained from the same source 
by Pelletier and Caventou, without a knowledge of the dis- 
covery of Robiquet. It is a white crystalline volatile mat- 
ter, which is soluble in boiling water and alcohol, and. is de- 
posited on cooling in the form of silky filaments like amian- 
thus. M. Pelletier, contrary to the opinion of M. Robiquet, 
at first regarded it as an alkaline base; but he now admits that 
it does not affect the vegetable blue colours, nor combine with 
acids. (Journal de Pharmacie for May 1826.) 

Hitherto the properties of Caffein have not been fully de- 
scribed. From the analysis of Pelletier and Dumas, 100 
parts of it consist of carbon 46.51, nitrogen 21.54, hydrogen 
4.81, and oxygen 27.14. Though it contains more nitrogen 
than most animal substances, it does not, under any circum- 
stances, undergo the putrefactive fermentation. 

Cathartin:—This name has been applied by MM. Las- 
saigne and Feneulle to the active principle of senna, (An. 
de Ch. et de Ph. vol. xvi.) 

Fungin.—This name is applied by M. Braconnot to the 
fleshy substance of the mushroom, and is procured. in a pure 
state by digestion in hot water, to which a little alkali is ad- 
ded. Fungin is nutritious in a high degree, and in compo- 
sition is very analogous to animal substances. Like flesh, it 
yields nitrogen gas when digested in dilute nitric acid. 

Suberin.—This name has been applied by M. Chevreul to 
the cellular tissue of the common cork, the outer bark of the 
cork-oak, (quercus suber, ) after the astringent, oily, resinous, 
and other soluble matters have been removed by the action 
of water and alcohol. Suberin differs from all other vegetable 
principles by yielding the suberic when treated by nitric acid. 

Ulmin, discovered by Klaproth, is a substance which exudes 
spontaneously from the elm, oak, chesnut, and other trees; 
and according to Berzelius is a constituent of most kinds’ of 
bark. It may be prepared by acting upon elm-bark by hot 
alcohol, and cold water, and then digesting the residue) in 
-water which contains an alkaline carbonate in solution.. On 
neutralizing the alkali with an acid, the ulmin is precipitated. , 
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Ulmin is a dark brown, nearly black substance, is insipid 
and inodorous, and is very sparingly soluble in water and alco- 
hol. It dissolves freely, on the contrary, in the solution of 
an alkaline carbonate, and is thrown down b an acid. 

Lupulin is the name applied by Dr. Ives to the active prim 
ciple of the hop, but which has not yet been obtained ina 
State of purity. 

Inulin is a white powder like:starch, which is Jpodtha diana 
deposited from a decoction of the roots of the Inula helenium 
or Elecampane. This substance is insoluble in cold, and so- 
luble in hot water, and is deposited from ‘the latter as it 
cools, a character which distinguishes it from starch. With 
iodine it forms a greenish-yellow compound of a perishable 
nature. Its solution is somewhat mucilaginous; but inulin 
is distinguished from gum by insolubility in cold water, and 
in not wielding the saecholactic when digested in nitric acid: 

Medullin-—This name was applied by John to the pith of 
the sun-flower, but its existence as an independent: principle 
is somewhat dubious. The term pollenin has been a wl 
the same chemist to the pollen of tulips. 

Piperin is the name which is applied toa white ayetsisite 
substance extracted from black pepper. It is tasteless, and 
is quite free from pungency, the stimulating property of the 
pepper being found to reside in a fixed oil. (Pelletier, in An. 
de Ch. et de Ph. vol. xvi.) 

Olivile.—When the gum of the olive oil is dissolved in 
alcohol, and the solution is allowed to evaporate spontaneous- 
ly, a peculiar substance, apparently different from the other 
proximate principles hitherto examined, is deposited either 
in flattened needles or as a brilliant amylaceous powder.. To 
this M. Pelletier, its discoverer, has given the name of Olivile. 
(An. of Phil. vol. xii.) | 

Sarcocoll is the concrete juice of the Penaa sarcocolla, a 
plant which grows in the northern parts of Africa. It is im- 
ported'in the form of small. grains ofa yellowish or reddish 
colour like gum arabic, to which “its properties are similar. 
It has a sweetish taste, dissolves in the mouth like gum, 
and forms a mucilage with water. It is distinguished from 
gum, however, by its solubility in alcohol, and by its aque- 
ous solution being precipitated by tannin. Dr. Thomson, 
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who has given a full account of sarcocoll in his System of 
Chemistry, considers it closely allied to the saccharine matter 
of liquorice. 

Rhubarbarin is the name employed by Pfaff to designate 

_the principle in which the purgative property of the rhubarb 
resides, M. Nani of Milan regards the active principle of 
this plantas a vegetable alkali; but he has not. given any 
proof of its alkaline nature. oI ournal, of Science, vol. xvi. 
page 172.) 

Colocyntin.—This name is applied by Vauquelin tola 
bitter resinous matter extracted from colocynth, and to which 
he ascribes the properties of this substance. (Journal of 
Science, vol. xvii. page 400.) 

Bitter Principle.—This name was formerly applied t toa 
substance supposed to be common to bitter plants, and to be 
the cause of their peculiar taste. ‘The recent discoveries in ve- 
getable chemistry, however, have shown that it can no longer 
be regarded as an uniform. unvarying principle. The bit- 
terness of the mux vomica, for example, is owing to strychnia, 
that of opium to morphia, that of cinchona bark to cinchonia 
and quinia, &c. |The cause of the bitter taste in the root of 

‘the squill is different from that of the hop or of gentian. ‘The 
term bitter principle should therefore be abandoned.’ 

Extractive Matier.—This expression, if applied to one de- 
terminate principle supposed to be the same in different plants, 
is not less vague than the foregoing. It is indeed true. that 
most plants yield to:water a substance which differs from 
gum, sugar, or any proximate principle of vegetables, which 
therefore constitutes a part of what.is, called an ewéract in 
pharmacy, and which, for want of a more precise term, may 
be expressed by. the name of extractive. It must be remem- 
bered, however, that this matter is always. mixed with other 
proximate principles, and that there is no proof whatever of 
its being identical in different plants. ‘The solution of saffron 
in hot water, said to afford pure extractive matter by evapor- 
ation, contains the colouring matter of the plant, (page 586,) 

together with all the other vegetable principles. of saffron, 
eich happen to be soluble in the menstruum employed, _, 
», Ata. Qy 
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SECTION VI. 


ON THE SPONTANEOUS CHANGES OF VEGETABLE MATTER. 


VeceTABLE substances, for reasons already explained m 
the remarks introductory to the study of organic chemistry, 
are very liable to spontaneous decomposition. _ So long, tn- 
deed, as they remain in connexion with the living plant by 
which they were produced, the tendency of their elements to 
form new combinations is controlled ; but as soon asthe vital 
principle is extinct, of the agency of which no satisfactory 
explanation can at present be afforded, they become subject to 
the unrestrained influence of chemical affinity. To the spon- 
taneous changes which they then experience from the ope- 
ration of this power, the term fermentation is applied. 

As might be expected from the difference in the constitu- 
tion of different vegetable compounds, they are not all equal- 
ly prone to fermentation ; nor is the nature of the change the 
same in all of them. ‘Thus alcohol, oxalic, acetic, and ben- 
zoic acids, probably the vegetable alkalies, and pure naphtha, 
may be kept for years without change, and some of them ap- 
pear unalterable ; while others, such as gluten, sugar, starch, 
and mucilaginous substances, are very liable to decomposi- 
tion. In like manner, the spontaneous change sometimes ter- 
minates in the formation of sugar, at another time in that of 
alcohol, at a third, in that of acetic acid, and at a fourth, in the 
total dissolution of the substance. This has led to the divi- 
sion of the fermentative processes into four distinct kinds, 
namely, the saccharine, the vinous, the acetows, and the pu- 
trefactive fermentation. 


SACCHARINE FERMENTATION, 


The only substance known to be subject to the first kind of 
fermentation is starch. When gelatinous starch, or amidine, 
is kept in a moist state for a considerable length of time, a 
change gradually ensues, and a quantity of sugar, equal to 
about half the weight of the starch employed, is generated, 
(Page 579.) Exposure to ine, atmosphere is not necessary 
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to this change, but the quantity of sugar is increased by the 
access of air. 

The germination of seeds, as exemplified in the malting of 
barley, is likewise an instance of the saccharine fermentation ; 
but as it differs in some respects from the process above men- 
tioned, being probably modified by the vitality of the germ, 
it may with ‘greater ie ia be ‘discussed in the following 
section. 

The ripening of fruit has also been regarded a as an example 
of the saccharine fermentation, especially since some fruits, 
such as the pear and apple, if gathered before their maturi- 
ty, become sweeter by keeping. I cannot, however, adopt 
this opinion. The process of ripening appears to consist in 
the conversion, not of starch, but of acid into sugar. Such 
at least is the view deducible from the experiments of Proust, 
who examined the unripe grape in its different stages towards 
maturity. He found that the green fruit contains a large 
quantity of free acid, chiefly the citric, which, as the grape 
ripens, gradually disappears, while its place is occupied by su- 
gar. It is hence probable that the elements of the acid it- 
self, as the result of a vital process, are made to enter into a 
new arrangement, by which sugar is generated. The forma- 
tion of an acid may be regarded as one step towards the pro- 
duction of saccharine matter, a view which will account for 
the strong acidity of many fruits, such as the gooseberry and 
ponte just before they begin to ripen. 


VINOUS FERMENTATION. 


The conditions which are required for establishing the vin- 
ous fermentation are four in number, namely, the presence 
of sugar, water, yeast, and a certain temperature. . The best 
mode of studying this process, so as to observe the phenome- 
na, and determine the nature of the change, is to place five 
parts of sugar, with about twenty of water, in a glass flask 
furnished with a bent tube, the extremity of which opens under 
an inverted jar full of water or mercury ; and after adding a lit- 
tle yeast, to expose the mixture to a temperature of about 60° 
or ‘70° Fahr. Ina short time bubbles of gas begin to col- 
“lectin the vicinity of the yeast, and the liquid is soon put in- 
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to brisk motion, in consequence of the formation and) disert- 
gagement of a large quantity of gaseous matter; the solu- 
tion becomes turbid, its temperature rises, and’ froth cotlects 
upon its surface. After continuing for a few days, the evo- 
" lution of gas begins to abate, and at length ceases altogether ; 
the impurities gtadually iu apeye: and leave the oe clear 
and transparent. | 

The only appreciable changes which are found to hire oc: 
curred during the process, are the disappearance of the su- 
gar, and the formation of alcohol, which remains in the flask; 
and of carbonic acid gas which is collected in the pneumatic 
apparatus. A small portion of yeast is indeed decomposed ; 
but the quantity is so minute that it may without inconveni- 
ence be left out of consideration. The yeast indeed appears 
to operate only in exciting the fermentation, without fur- 
ther contributing to the products. ‘The atmospheric air, it is 
obvious, has ‘no share in the phenomena, since it may be’ al- 
together excluded without affecting the result. The theory 
of the process is founded on the fact that the sugar, which 
disappears, is almost precisely equal to the united weights of 
the alcohol and carbonic acid; and hence the former is sup- 
posed to be resolved into the two latter. The mode in which 
this change is conceived to take place has been ably explain- 
ed by Gay-Lussac, an explanation which will easily be under- 
stood by comparing the composition of sugar with that of al- 
cohol. The elements of sugar, which consists of carbon, hy- 
drogen, and oxygen, in the ratio of one atom of each, (page 
575) are multiplied by three, in order to equalize the quan- 
tity of hydrogen contained in the two > compounds. dig de 
Ch. tome xev. p. 317.) | 


_ By weight. By volume... 


Sugar. » Alcohol. Sugar. Alcohol. 
_Carbon,, 18 or 3 atoms. 12 or 2 atoms./Vapour of Carbon, 3 wn 2 
Hydrogen, 3or3 atoms. 3 or 3 atoms. Hydrogen, en au bone 


Ts) 


Oxygen, 24or3atoms. 8 or | atom. Oxygen, om 


Me ashe 23 dhastvei 


Now on inspecting this table, and remembering that car- 
bonic acid consists of one atom of carbon, or one volume of 
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its vapour, and two atoms or one volume of oxygen, it 
will: be apparent that the elements of sugar are in such 
proportion as to form one atom of alcohol, or one. volume 
of its vapour, and one atom or one volume of carbonic acid. | 
Vherefore 45 parts of sugar are capable of furnishing 23 of 
alcohol and 22 parts of carbonic acid. 

It admits of doubt whether any substance besides sugar 18 
capable of ,undergoing the vinous fermentation. ‘The only 
other principle which is supposed to possess this property is 
starch, and this opinion chiefly rests on the two following 
facts. First, It is well known that potatoes, which contain 
but httle sugar, yield alarge quantity of alcohol by fermenta- 
tion, during which the starch disappears. And, secondly, M 
Clement procured the same quantity of alcohol from equal 
weights of malted and unmalted barley.* Nothing conclusive 
can be inferred, however, from these data; for, from the fa- 
cility with which starch is converted. into sugar it 1s probable 
that the saccharine may precede the vinous fermentation. 

Though a solution of pure sugar is not susceptible of the 
vinous fermentation without being mixed with yeast, yet the 
saccharine juices of plants do not require the addition of that 
substance, or in) other words, they contain some principle 
which, like yeast, excites the fermentative process. Thus 
_ must or the juice of the grape ferments spontaneously ; but 
‘Gay-Lussac has observed that these juices, cannot begin. to 
ferment unless they are exposed tothe air. By heating must 
to 212° F., and then corking it carefully, the juice may be 
preserved without change ;, but if it be exposed to the air for 
a few seconds only, it absorbs oxygen, and_ fermentation 
takes place. From this it would appear that the must con- 
tains a principle which is convertible into yeast, or at least 
acquires the characteristic property of that substance, by ab- 
sorbing oxygen. 

The.various kinds of sbisiulhGitg fluids, pr epared by means 
of the vinous fermentation, are divisible into wines. which are 
formed from the juices of saccharine fruits, and the various 
-kinds of ale and beer produced from a decoction of the n- 
tritive grains aubaanpi malted. | 


~ An. de Chimie et om ea tome v. p. 422, 
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The juice of the grape is superior, for the purpose of mak- 
ing wine, to that of all other fruits, not merely in containing a 
larger proportion of saccharine matter, since this deficiency 
. may be supplied artificially, but mm the nature of its acid. 
The chief or only acidulous principle of the mature grape, 
ripened in a warm climate, such as Spain, Portugal, or Ma- 
deira, is the bitartrate of potassa. As this salt is insoluble in 
alcohol, the greater part of it is deposited during the vinous 
fermentation ; and an additional quantity subsides, constitut- 
ing the crust, during the progress of wine towards its point 
of highest perfection. “ The juices of other fruits, on the con- 
trary, such as the gooseberry or currant, contain the malic 
and citric acids,:;which are seluble both in water and alcohol, 
and of which therefore they can never be deprived. Conse- 
quently these wines are only rendered palatable by the pre- 
sence of free sugar, which conceals the taste of the acid ; and 
hence it is necessary to arrest the progress of the fermenta- 
tion long before the whole of the saccharine matter is con- 
sumed. For the same reason, these wines do not admit of 
being long kept; for as soon as the free sugar is converted 
into alcohol by the slow fermentative process, which may 
_be retarded by the addition of brandy, but cannot be pre- 
vented, the wine acquires a strong sour taste. 

Ale and beer differ from wines in containing a large quan- 
tity of mucilaginous and extractive matters derived from the 
malt with which they are made. From the presence of these 
substances they always contain a free acid, and-are greatly 
disposed to pass into the acetous fermentation. The sour 
taste is concealed partly by free sugar, and partly by the bit- 
ter flavour of the hop, the presence of which diminishes the 
tendency to the formation of an acid. . 

The fermentative process which takes place in dough mix- 
ed with yeast, and on which depends the formation of good 
bread, has been supposed to be of a peculiar kind, and is 
sometimes designated by the name of panary fermentation. 
The late ingenious researches of Dr. Colquhoun, however, 
leave little or no doubt that the phenomena are to be ascrib- 
ed to the saccharine matter of the flour undergoing the vinous 
fermentation, by which it is resolved into alcohol and carbo- 
nic acid. (Edinburgh Journal of Science, vol. vi.) 
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» When any liquid which has undergone the vinous fermene 
tation, or even pure alcohol diluted with water, is mixed 
with yeast, and exposed in a warm place to the open air, an 
intestine movement speedily commences, heat is developed, 
the fluid becomes turbid from the deposition of a peculiar fila- 
mentous matter, oxygen is absorbed from the atmosphere, 
and carbonic acid is disengaged. These changes, after con- 
tinuing a certain time, cease spontaneously; the liquor be- 
comes clear, and instead of alcohol, it is now found to con. 
tain acetic acid. This process is called the acetous fermene 
tation. . 

The vinous may easily be made to terminate in the acetous 
fermentation ; nay, the transition takes place so easily, that 
im many instances, in which it is important to prevent it, this 
is with difficulty effected. It is the uniform result if the fer- 
menting liquid be exposed to a warm temperature and to 
the open air; and the means by which it is avoided is by 
excluding the atmosphere, or by exposure to cold. 

For the acetous fermentation a certain degree of warmth 
is indispensable. It takes place tardily below 60° F ; at 50° 
it is very sluggish; and at 32°, or not quite so low, it is wholly 
arrested. It proceeds with vigour, on the contrary, when the 
thermometer ranges between 60° and 80°, and is even pro- 
moted by a temperature somewhat higher, ‘The presence of 
water is likewise essential ; and a portion of yeast, or some 
analogous substance, by which the process may be establish- 
ed, must also be present. 

The information contained in chemical Rates relative to 
the substances susceptible of the vinous fermentation is some- 
what confused, a circumstance which appears ‘to have arisen 
from phenomena of a totally different nature being included 
under the same name. It seems necessary to distinguish be- 
tween the’ mere formation of acetic acid, and the acetous fer- 
‘mentation. Several or perhaps most vegetable substances 
yield acetic acid when they undergo spontaneous decomposi. 
tion. Mucilaginous substances in particular, though exclud- 
ed from the air, gradually become sour; and consistently 
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with this fact, inferior kinds of ale and beer are known to ac- 
quire acidity in a. short ‘time, even when confined in well- 
corked bottles. In like manner, a solution of sugar, mixed 
with water in which the gluten of wheat has fermented, and 
kept in close vessels, was found by Fourcroy and Vauquelin 
to yield acetic acid, All. these processes, however, : ap- 
pear essentially different from the proper acetous fermenta- 
tion above described, being unattended with, visible move- 
ment in the liquid, with absorption of oxygen, or disengage- 
ment of carbonic acid. adosay 
The acetous fermentation, in Ht limited sense, consists in 
the conversion of alcohol into acetic acid. ‘That this change 
does really. take place is inferred, not only from the disap- 
pearance of alcohol and the simultaneous production of. acetic 
acid, but also from the quantity of the latter being precisely 
proportional to that of the former... The nature of the che- 
mical action, however, is at present exceedingly obscure. In- 
deed the only probable explanation which bas been offered 
as the following. Since alcohol contains a gréater proportional 
quantity of carbon and hydrogen than acetic acid, it has been 
supposed that the oxygen of the atmosphere, the presence of 
which is indispensable, abstracts so much of those elements, 
by giving rise to the formation. of carbonic acid and. water, 
as to leave the remaining carbon, hydrogen, and oxygen of 
the alcohol in the precise ratio for forming acetic acid. .The 
experiments of Saussure, however, are incompatible with this 
‘view. According to his researches, the quantity of carboni¢ 
acid generated during the acetous fermentation is precisely 
equal in volume to the oxygen which is absorbed ; and hence 
it is inferred, that this gas unites exclusively with the carbon 
of the alcohol. This result is different from what might have 
been anticipated, and requires confirmation. | | 
-The acetous fermentation is conducted on a large niths 
fot yielding the common vinegar of commerce. In France 
it 1s prepared by exposing weak wines to the air during warm 
weather ; and in this country it is made from a;solution of 
brown sugar or molasses, or an infusion of malt. ‘The vine- 
gar thus obtained always contains a large quantity of, muci- 
laginous and other vegetable matters, the presence of which 
renders it liable to several ulterior changes...» 9) s+ | 
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PUTREFACTIVE FERMENTATION. 

By this term is implied a process: which is' not attended 
withthe phenomena of the saccharine, vinous, or acetous fer- 
mentation, but during which’ the vegetable matter is com- 
pletely decomposed: All proximate principles are not equal- 
ly liable to this kind of dissolution, Those im which char- 
coal and hydrogen prevail, such as the oils, resins, and’ alco- 
hol, do not undergo the putrefactive fermentation; nor do 
acids, which contain a considerable excess of oxygen, mani- 
fest a tendency to suffer this change. Those substances alone 
are disposed to putrefy, the oxygen and hydrogen of which 
are in proportion to form water; and such, in particular, 
as contain nitrogen. Among these, however, a singular 
difference is observable. Caffein evinces no tendency to 
spontaneous decomposition, while gluten, which certainly 
must contain a’less proportional quantity of nitrogen, putre- 
fies with great facility. It is difficult to assign the precise 
cause of this difference ; but it most probably depends partly 
upon the mode in which the ultimate elements of’ bodies are 
ranged, and partly on their cohesive power ;—those substances, 
the texture of which is the most loose and soft, being, ceteris 
paribus, the most liable to spontaneous decomposition. 

The conditions which are required for enabling the putre- 
factive process to take place, are moisture, air, and a certain 
temperature. . . 

The presence of a certain’ degree of moisture is atncltitaly 
necessary; and hence vegetable substances, which are dispos- 
ed to putrefy under. ftivitetabie circumstances, may be pre- 
served for an indefinite period if carefully dried, and pro- 
tected from humidity. Water acts apparently by softening 
the texture, and thus counteracting the agency of doledida : 
anda part of the effect may also be owing to its affinity for 
some of the products of the - ‘putrefaction. It is not likely 
that this liquid is actually wih i since water appears 
to be an uniform product. 

The air cannot be regarded as ahnoltisaly necessary, since 
putrefaction is found to be produced by the concurrence of 
the two other conditions only; but the process is without 
doubt materially promoted by free exposure’ to the ‘atmos- 
phere. Its operation is of course attributable to the oxygen 
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combining with the carbon and hydrogen of the decaying 
substance. 

The temperature most favourable to the A pro- 
cess is between 60° and 100° Fahr. <A strong heat is unfa- 
vourable, by expelling moisture ; and a cold of 32° F. at which 
water congeals, arrests its progress altogether. The modein 
which caloric acts is the same as in all similar cases, namely, 
by tending to separate elements from one another which are 
already combined. 

The products of the putrefactive fermentation may be di- 
vided into the solid, liquid, and gaseous. ‘The liquid are 
chiefly water, together with a little acetic acid, and probably 
oil, The gaseous products are light carburetted hydrogen, 
carbonic acid, and, when nitrogen is present, ammonia. Pure 
hydrogen, and probably nitrogen, are sometimes disengaged. 
Thus hydrogen and carbonic acid, according to Proust, are 
evolved from putrefying gluten; and Saussure obtained the 
same gases from the putrefuetion of wood in close vessels. 
Riiter ordinary circumstances, however, the chief gaseous — 
product of decaying plants is light carburetted hydrogen, 
which is generated in great quantity at the bottom of stag- 
nant pools during summer and autumn. (Page 276.) Ano- 
ther elastic principle, supposed to arise from putrefying vege- 
table remains, is the noxious miasm of marshes. The ori- 
gin of these miasms, however, is exceedingly obscure. Every 
attempt to obtain them in an insulated state has hitherto prov- 
ed abortive ; and therefore, if they are really a distinct spe- 
cies of matter, they must be regarded, like the effluvia of con- 
tagious fevers, as of too subtile a nature for being subjected 
to chemical analysis. . 

When the decay of leaves or other parts of plants has pro- 
ceeded so far that all trace of organization is effaced, a dark 
pulverulent substance remains, consisting of charcoal combin- 
ed with a little oxygen and hydrogen. This compound is 
vegetable mould, which, when mixed with a proper quantity 
of earth, constitutes the soil necessary to the growth of plants. 
Saussure, in his excellent Recherches Chimiques sur la Vegeta- 
tion, has described vegetable mould asa substance of uniform 
composition ; and on heating it to redness in close vessels, he 
procured carburetted hydrogen and carbonic acid gases, water 
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holding the acetate or carbonate of ammonia in solution, a 
minute quantity of empyreumatic oil, and a large residue of 
charcoal mixed with saline and earthy ingredients. On ex- 
posing vegetable mould to the action of light, air, and mois- 
ture, a chemical change ensues, the effect of which is to ren- 
der a portion of it soluble in water, and thus applicable to 
the nutrition and growth of plants. 


SECTION VII. 


santa THE CHEMICAL PHENOMENA OF GERMINATION AND 
AP geht oo 


GERMINATION. 


,GERMINATION is the process by which a new plant origi- » 
nates from seed. A seed consists essentially of two parts, the 
Germ of the future plant, endowed with a principle of vita- 
lity, and the Cotyledons or Seed-lobes, both of which are en- 
veloped in a common covering of cuticle. In the germ two 
parts, the radicle and plumula, may be distinguished, the 
former of which is destined to descend into the earth and con- 
stitute the root, the Jatter to rise into the air and form the 
stem of the plant. The office of the seed-lobes is to afford 
nourishment to the young plant until its organization is: so 
far advanced, that it may draw materials for its growth from 
extraneous sources. For this reason seeds are composed of 
highly nutritious ingredients, ‘The chief constituent of most 
of them is starch, in addition to which they frequently con- 
tain gluten, gum, vegetable albumen or curd, and sugar. 

The conditions necessary to germination are three-fold; 
namely, moisture, a certain temperature, and the presence 
of oxygen gas, The necessity of moisture to this process has 
been proved by extensive observation, Itis well known that 
the concurrence of other conditions cannot enable seeds to 
germinate, provided they are kept quite dry. 

A certain degree of warmth is not less essential than mois- 
ture. Germination cannot take place at 32° I’. ; and a strong 
heat, such as that of boiling water, prevents it altogether by 


606 GERMINATION. : 


depriving the germ of the vital principle. The most favours 
able temperature ranges from 60° to 80°, the precise degree 
varying with the nature of the plant, a circumstance that ac- 
counts for the difference in the season of the FEARS at. which 
different seeds begin to germinate. 

That.the presence of airis necessary to germination was 
demonstrated by several philosophers, such as. Ray, Boyle, 
Muschenbroek and Boerhaave, before the chemical nature 
of the atmosphere was discovered ; and Scheele, soon after 
the discovery of oxygen, proved that beans do not germinate 
without exposure to that gas. Achard afterwardsdemonstrated 
the same fact with respect to seeds in general, and his 
experiments have been fully confirmed by subsequent observ- 
ers. It has even been shown by Humboldt, that a dilute so- 
lution of chlorine, owing to the tendency of that gas to de- 
compose water and set oxygen at liberty, promotes the ger- 
mination of seeds. ‘These circumstances account for the fact 
that seeds, when buried deep in the earth, are unable to ger- 
minate. 

It is remarkable that the influence of light, which ‘is so fa- 
vourable to all the subsequent stages of vegetation, is inju- 
‘rious to the process of germination. Ingenhousz and Senne- 
bier have proved that a seed germinates more rapidly in the 
shade than in light, and in diffused a a quicker than 
when exposed to the direct solar rays. 

From the preceding remarks it is apparent that when a 
seed is placed an inch or two under the surface of the ground 
in spring, and is loosely covered with earth, it is in a‘state 
every way conducive to germination. The ground is warm- 
ed by absorbing the solar rays, and is moistened by occasion- 
al showers ; the earth at the same time protects the seed from 
light, but by its porosity gives free access to the air. 

The operation of malting barley, in which the grain is 
made to germinate by exposure to warmth, air, and humi- 
dity, affords the best means of studying the phenomena of 
germination. In this process, water is absorbed, the coty- 
Jedon swells and ruptures its cuticle, and soon after the ra- 
dicle and plumula are protruded. On examining the grain 
at this period, it is found to have undergone an essential 
change in the proportion of its ingredients, as appears from 
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the result of Proust’s comparative analysis of malted and un: — 
malted barley. (An. de Ch. et de Ph. tome v.) 


In 100 parts of Barley. _ In 100 parts of Malt. 


Resin, . 4 - 1 - - _- ape 
Gum, “ « ~ 4 - _ - , 185 
ET rid De I oe RN ee ge @ i Al 
Gluten, - ~ - 3 - - 1 

Starch, — « ‘s ~'" $2 : 4 o 56 
Hordein, .§ - «= 55. 


. ahiitiice to uke 


It is hence apparent that in germination the hordein is 
converted into starch, gum, and sugar; so that from an in- 
soluble material, which could not in that state be applied to 
the uses of the young plant, two soluble and highly nutritive 
principles result, which by being dissolved in water are rea~ 
dily absorbed by the radicle. 

_ The chemical changes which take place in germination 
ie been ably investigated by Saussure, whose experiments 
are detailed in the ie to which I have already referred. 
The leading facts which he determined are the following ;— 
that oxygen gas is consumed, that carbonic acid is evolved, 
and that the volume of the latter is precisely equal to that of 
the former. Now since carbonic acid gas contains its own vo- 
lume of oxygen, it follows that this gas must have united ex- 
clusively with carbon. It is likewise obvious that the grain 
must weigh less after than . before germination, provided it 
is brought to the same. state of dryness in both. instances. 
Saussure indeed found that the loss is greater than can be 
accounted for by the carbon of the carbonic acid which is 
evolved, and hence he concluded that a portion of water, ge- 
nerated at the expense of the grain itself, is dissipated in dry- 
ing. According to Proust, the diminution in weight is about 
a third; but Dr. Thomson affirms that in 50 processes, con- 
ducted on a large scale under his inspection, the average loss 
did not exceed one-fifth, | 
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While a plant differs from an animal in exhibiting nosighs 
of perception or voluntary motion,: and in possessing no sto- 
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mach to serve as a receptacle for its food, there exists be- 
tween them a close analogy both of parts and functions, which, 
though not discerned at first, becomes striking on a near 
examination. The stem and branches act as a frame work 
or skeleton for the ‘support and protection of the parts neces- 
sary to' the life of the individual. The root serves the pur- 
pose of a stomach by imbibing nutritious juices from the soil, 
and thus supplying the plant with materials for its growth. 
The sap or circulating fluid, composed of water holding in 
solution saline, extractive, mucilaginous, saccharine, and 
other soluble substances, rises upwards through the wood in 
a distinct system of tubes called the common vessels, which 
correspond in their office to the lacteals and pulmonary arte 
ries of animals, and are distributed in minute ramifications 
over the surface of the leaves. In its passage through this 
organ, which may be termed the lungs of a plant, the sap is 
fully exposed to the agency of light and air, experiences a 
change by which it is more completely adapted to the wants 
of the vegetable economy, and then descends through the in 
ner layer OF the bark in another system of tubes called the pro- 
per vessels, yielding in its course all the juices and principles 
peculiar to the plant. 

The chemical changes which take place during ‘the cireu- 
lation of the sap are in general of such a complicated nature, 
and so much under the control of the vital principle, as to 
elude the sagacity of the chemist. One part of the subject, 
however, namely the reciprocal agency of the atmosphere and 
growing vegetables on each other, falls within the reach’ of 
chemical inquiry, and has accordingly been investigated by 
several philosophers. ) 

For the leading facts relative to er is called the respira. 
tion of plants, or the chemical changes which the leaves of 
growing vegetables produce on the atmosphere, we are in- 
debted to Priestley and Ingenhousz, the former of whom dis: 
covered that plants absorb carbonic acid from the air under 
certain circumstances, and emit oxygen in return ; and the lat- 
ter ascertained that this change occurs only during exposure to 
the direct rays of the sun. When a healthy plant, the roots 
of which are supplied with proper nourishment, is exposed to 
the direct solar beams ma given quantity of atmospheric air, 
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the carbonic acid after a certain interval is removed, and an 

equal volume of oxygen is substituted for it, Ifa fresh por- 

tion of carbonic acid is supplied, the same result will ensue. 

In like manner, Sennebier and Woodhouse observed, that 

when the leaves of a plant are immersed in water, and ex- 

posed to the rays of the sun, oxygen gas is disengaged. 

That the evolution of oxygen in this experiment is accom- 

panied with a proportional absorption of carbonic acid, is. 
proved by employing water deprived of carbonic acid by 

boiling, in which case no oxygen is procured. | 

Such are the changes induced by plants when exposed to 
sunshine; but in the dark an opposite effect ensues, Car- 
bonic acid gas is not absorbed under these circumstances, nor 
is oxygen evolved ; but, on the contrary, oxygen disappears, 
and carbonic acid gas is disengaged. Inthe dark, therefore, 
vegetables deteriorate rather than purify the air, prone 
the same effect as the respiration of animals. 

From several of the preceding facts, it is supposed that 
the oxygen emitted by plants while under the influence of 
light is derived from the carbonic acid which they absorb, 
and that the carbon of that gas is applied to the purposes 
of nutrition. Consistently with this view it has been observed 
that plants do not thrive when kept in an atmosphere of pure 
oxygen; and it was found by Dr. Percival and Mr. Henry, 
that the presence of a little carbonic acid is even favourable 
to their growth, Saussure, who examined this subject mi- 
nutely, ascertained that plants grow better in an atmosphere 
which contains about one-twelfth of carbonic acid, than in 
common air, provided they are.exposed to sunshine. But if 
that gas be present in a greater proportion, its influence is 
prejudicial ; in an atmosphere consisting of one-half of its 
volume of carbonic.acid, the plants perished in seven days, 
and they did not vegetate at all when that gas wasin the pro- 
portion of two-thirds, Inthe shade, the presence of carbo- 
nic acid is always detrimental, He likewise observed that 
the presence of oxygen is necessary, in order that a plant 
should derive benefit from admixture with carbonic acid. 

Saussure is of opinion that plants derive a large quantity 
of their carbon from the carbonic acid of the atmosphere, an 
opinion which receives great weight from the two following 
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comparative experiments. On causing a plant to vegetate in 
pure water, supplied with common air and exposed to light, 
the carbon of the plant increased in quantity ; but when sup- 
plied with common air, in a dark situation, it even lost a 
portion of the carbon which it had previously possessed. 
Light is necessary to the cclour of plants. ‘The experiments 
of Sennebier and Mr. Gough have shown that the green co- 
lour of the leaves is not developed, except when they are in 
a situation to absorb oxygen and give out carbonic acid. 
Though the experiments of different philosophers agree as 
to the influence of vegetation on the air in sunshine and dur- 
ing the night, considerable uncertainty prevails both as to the 
phenomena occasioned by diffused daylight, and concerning 
the total effect produced by plants on the constitution of the 
atmosphere. Priestley found that air, vitiated by combus- 
tion or the respiration of animals, and Jeft in contact for se- 
veral days and nights with a sprig of mint, was gradually te- 
stored to its original purity ; and hence he interred that the 
oxvgen gas consumed during these and various other pro- 
cesses, is restored to the mass of the atmosphere se the 
agency of growing vegetables. ) 
This doctrine receives confirmation from the resniatlsas nf 
‘Ingenhousz and Saussure, who were led to adopt the opi- 
nion that the quantity of oxygen gas evolved from plants 
by day, exceeds that of carbonic acid emitted during the 
night. The conclusions of Mr. Ellis, on the contrary, are 
precisely the reverse. From an extensive series of experi- 
ments, contrived with much sagacity, Mr. Ellis inferred that 
growing plants give out oxygen only in direct sunshine, 
while at all other times they absorb it; that when exposed 
to the ordinary vicissitudes of sunshine and shade, light and 
darkness, they form more carbonic acid in the period of a day 
and night, than they destroy; and, consequently, that the 
general effect of vegetation on the atmosphere is the same 
as that produced by animals. (Ellis’s sledge and. Far- 
ther Inquiries on Vegetation, &c.) 
This question has been ably discussed by Sin H. Davy, i in. 
his elements of Agricultural Chemistry. Sir H. Davy: is of 
opinion that the experiments of Mr. Ellis cannot be regarded 
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as decisive, having been conducted. under circumstances un- 
favourable to accuracy of result... He considers the original 
experiments» of Priestley: as unexceptionable, and, adduces 
others made by himself in support of the same doctrine, 
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The chief source from which plants derive the materials for 
their growth is the soil., However:various the.composition of 
the soil, it: consists essentially of two parts, so far as its’ solid 
constituents, are concerned, One isa, certain quantity of 
earthy: matters, such as: siliceous earth, clay,’ lime, and some: 
times. magnesia; the,other is formed from the remains of ani- 
mal and, vegetable substances, which, when. mixed. with, the 
former, constitute common? mould, » A: mixture of. this kind, 
moistened by rain, affords the, proper nourishment of plants. 
The water, percolating through the: mould, dissolves. the so- 
luble salts) with: which it comes in contact, | together with the 
gaseous, extractive, and other matterswhich are formed during 
the decomposition of the animal and vegetable remains. In 
this state it 1s readily absorbed by the, roots, and conveyed 
as sap ‘to the leaves, where it undergoes a: process of assimi- 
lation. | 

But pages she is the tial process by ‘elite Kriss i 
tain the greater part of their nourishment, and without which 
they do:not arrive at perfect maturity, they may live, grow, 
and even inérease in weight, when wholly. deprived of nutri- 
tion from this source., »'Thus in'the experiment. of Saussure, 
already described, : sprigs of peppermint were found to vege- 
tate in distilled water ; and it is well known that many plants 
grow when merely suspended. in the air... In the hot-houses 
of ‘the botanical ,garden, of Edinburgh, for example, there 
are-two plants, species of the fig-tree, the jficus australis and, 
Jicus elastica, the latter of which, as Dr. Graham informs 
me, has! been suspended, for, more than two, and the former 
for eight. years, during which time they have continued to. 
send out shoots and leaves. 

Before: scientific, men; had. learned. to. appreciate the in- 
fluence of atmospheric. air,on vegetation, the increase of 
carbonaceous ‘matter, which: occurs in some of. these \in- 
stances; was supposed to:be derived from water, an opinion 

2k 
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naturally suggested by the important offices performed) by 
this fluid in the vegetable economy. Without water, plants 
speedily wither and die: It gives the soft parts that degree 
of succulence necessary for the due performance of their func- 
tions ;—it affords two elements, oxygen and hydrogen, which, 
either as water, or under some other form, are contained in 
all vegetable products ;—and, lastly, the roots absorb from the 
soil those substances only, which are  dissolved:or suspended 
in water. So carefully, imdeed, has nature provided against 
the chance of deficient moisture, that the leaves are endowed 
with a property both of absorbing aqueous vapour directly 
from the atmosphere, and of lowering their temperature dur- 
ing the night by radiation, so as to cause a deposition of dew 
upon their surface, in consequence of which they frequently, 
during the dryest seasons and in the warmest climates, ‘con- 
tinue to convey this fluid to the plant, when it can no longer 
be obtained in sufficient quantity from the soil. But neces- 
sary as is this fluid to vegetable life, it cannot yield to plants 
a principle which it does not possess.. The carbonaceous 
matter which accumulates in plants, under the circumstances 
above mentioned, may, with every appearance of justice, be 
referred to the atmosphere ; since we know that carbonic acid 
- exists there, and that growing vegetables have the property 
of taking carbon from that gas. 

When. plants are incinerated, their ashes are found to con- 
tain saline and earthy matters, the elements of which, if not 
the compounds themselves, are supposed to be derived from 
the soil. Such at least is the view deducible from the re- 
searches of Saussure, and which might have been anticipated 
by reasoning on chemical principles. ‘The experiments of 
M. Schrader, however, lead to a different conclusion. » He 
sowed several kinds of grain, such as barley, wheat, rye, and 
oats, in pure flowers of sulphur, and supplied the shoots as 
they grew, with nothing but air, light, and distilled water. 
On incinerating the plants, thus treated, they yielded a great- 
er quantity of saline and earthy matters than were originally 
present in the seeds. 

These results, supposing them accurate, may be accounted 
for in two ways. It may be supposed, in the first place, 
that the foreign matters were introduced accidentally from 
extraneous sources, as by fine particles of dust floating in 
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the atmosphere; or, secondly, it may be conceived, that they 
were derived from the sulphur, air, and water, with which the 
plants were supplied. If the latter opinion be adopted, we must 
infer either that the vital principle, which certainly controls 
chemical affinity in a-surprising manner, and directs this power 
in the production of new compounds from elementary bodies, 
may likewise convert one element into another; or that some 
of the substances, supposed: by chemists to be simple, such 
as oxygen and hydrogen, are compounds, not of two, but 
of a variety of different principles. As these conjectures are 
without foundation, and are utterly at variance with the faets 
and principles of the science, I do not hesitate in adopting 
the more probable opinion, that the experiments of M. Schra- 
der were influenced by some source of error which escaped 
detection. 


ANIMAL CHEMISTRY“! 


| 


Aut aan compounds, erat are derived from the Bodies 
of animals, are, -called prowimate animal principles. “They 
are, distinguished from inorganic matter by the characters 
stated in the introduction to inorganic chemistry. The cir- 
cumstances which serve to distinguish them from: vegetable 
matter are, the presence of nitrogen, their strong tendency 
to putrefy, and the highly offensive products to which their 
spontaneous decomposition gives rise. It should be remember- 
ed, however, that nitrogen is likewise a constituent of many 
vegetable substances ; though few of these, the vegeto-animal 
principles excepted, (page 590) are prone to suffer the pu- 
trefactive fermentation. It is likewise remarkable that some 
-compounds of animal origin, such as cholesterine and the 
oils, do not contain nitrogen as one of their elements, and 
are not disposed to putrefy. 

The essential constituents of animal compounds are car- 
bon, hydrogen, oxygen, and nitrogen, besides which some of 
them contain phosphorus, sulphur, iron, and earthy and sa- 
line matters in small quantity. Owing to the presence of 
sulphur and phosphorus, the process of putrefaction, which 
will be particularly described hereafter, is frequently attend- 
ed with the disengagement of sulphuretted and phosphuretted 
hydrogen gases. When heated in close vessels, they yield 
water, carbonic oxide, carburetted hydrogen, probably free 
nitrogen and hydrogen, the carbonate and hydrocyanate of 
ammonia, and a peculiarly fetid thick oi). The carbonaceous 
matter left in the retort is less easily burned, and is more 
effectual as a decolorizing agent, than charcoal derived from 
vegetable matter. 

The principle of the method of analyzing animal sub- 
stances has already been mentioned. (Page 516.) 


FIBRIN.) o15 


Tn deseribing the, proximate animal, principles, the num- 
ri of which) is far Jess,.considerable..than. the vegetable com- 
pounds, I\shall. adopt ‘the | arrangement ,.suggested by, Gay- 
TLussac and|'‘Thénard jin their, Recherches,.Physico-Chimiques, 
and followed by Thénard.in-his System of Chemistry. The 
animal, compounds are accordingly, arranged: in three sections. 
The first. contains, substances, whichr are neither cid, nor. olea- 
ginous:;).the | second comprehends, the Re acids ; and 
the third includes the animal. fats. |, Several of the. principles 
belonging to the first division,/ such as, fibrin, .albumen,,.ge- 
latine, caseous matter,,.and ‘urea; were shown by Gay-Lussac 
and; Thénard,to.have several. points, of similarity, in, their 
composition. ... hey all,contain,, for example,, a) large quan- 
tity of. carbon, and. their, hydrogen.,is ‘in, such proportion as 
to convert all their oxygen, into, water; and their, nitrogen;in- | 
to ammonia. No general laws have been established relative . 
to the, constitution of the compounds sompEsgs | in’ the. other 
sections. 


SECTION I. 
SUBSTANCES WHICH. ARE, NEITHER ACID, NOR. OLEAGINOUS. 
FIBRIN. 


Fisrqn enters largely into the composition sof the sewed 
and i is the basis of the muscles; it may be regarded, there- 
fore; as one of the most abundant of. the animal principles. 
It is most conveniently procured by’ Stirring, recently drawn 
blood with a stick during its coagulation, . and ;then washing 
the adhering fibres with water until they are perfeccly, white. 
It may also.be. obtained by removing the soluble parts from 
lean. beef, cut into small. slices, By digestion in several, suc- 
cessive portions ¢ of water... ber} 

Fibrin is solid, white, insipid, and i olorolits When. moist 
it is, somewhat clastic, but.on drying it becomes hard, brittle, 
“and semi- transparent. In a moist warm situation it readily 
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putrefies. . It is insoluble in water at common temperatures, 


_ atid is dissolved in very minute quantity by the continued 


action of boiling water. Alcohol, of density 0.81, converts 


_ it into a fatty adipocirous matter, which is soluble in alcohol 


- and ether, but is precipitated by water. 


The action of acids on fibrin has been particularly des 
scribed by Berzelius.* . Digested in concentrated acetic acid 
fibrin swells and becomes a bulky tremulous jelly, which dis- 
solves completely, with disengagement of a little nitfogen, 
in a considerable quantity of hot water. 

By the action of nitric dcid, of specific gravity 1.25, aided 
by heat on fibrin, @ yellow solution is formed, with disen- 
gagement of a large quantity of nearly pure nitrogen, in 
which Berzelius could not detect.the least trace of the deut- 
oxide of nitrogen. After digestion for twenty-four hours a 
pale yellow pulverulent substance is deposited, which Four- 
croy and Vauquelin described as a new acid under the name 
of yellow acid, According to Berzelius, however, it is a com- 
pound of modified fibrin and nitric, together with some malic 
and nitrous acids. It likewise contains some fatty matter, 
which may be removed by alcohol. ‘The origin of the ni- 
trogen which is disengaged in the beginning of the process, 


- is somewhat obscure. From the total absence of the deut- 


oxide of nitrogen, it is probable that, in the early stages, 
very little, if any, of the nitric acid is decomposed, and that 
the nitrogen gas is solely or chiefly derived from the fibrin. 
Dilute muriatic acid hardens without dissolving fibrin, and 
the strong acid decomposes it. The action of sulphuric acid, 
according to M. Braconnot, is very peculiar. When fibrin 
is mixed with its own weight of concentrated sulphuric acid, 
a perfect solution ensues without change of colour, or diseti- 
gagement of sulphurg acid. On diluting with water, boil- 
ing for nine hours, and separating the acid by means of chalk, 


‘the filtered solution was found to contain a peculiar white 


matter, to which M. Braconnot. has applied the name of 
leucine. (An: de Ch, et-de‘Ph. vol. xiii.) Digested in strong 
sulphuric acid a dark reddish-brown, nearly black solution, 
is formed, and the fibrin is carbonized and decomposed. 
Fibrin is dissolved by pure potassa; and is thrown down 


* Medico-Chirurgical Transactions, vol. iii. p. 201, et seq- 
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when the solution’ is: neutralized: The fibrin thus precipi« 

tated, however, is partially changed, | since it is no longer so- 

luble in ‘acetic acid. It is soluble likewise in ammonia:, 
According to the analysis of Gay-Lussac and. 'Thenard, 


100 parts of fibrin are composed of carbon 53.36, hydrogen \ 
7.021; oxygen 19.685, and. nitrogen 19.934... From these | 


numbers fibrin may be regarded as an atomic compound of 
carbon 15 atoms, hydrogen 14 atoms, oxygen 5 atoms, and 
nitrogen 3 atoms. 


ALBUMEN. 


IAlbjaciven enters a ilkesepely into the composition both of ani- 
mal fluids and solids.’ Dissolved in water it forms an essen= 
tial constituent of the serum of the blood, the liquor: of 
the serous cavities, and the fluid of dropsy ;, and in a solid 
state it is contained in several of the textures of the body, 
such as the cellular membrane, the skin, glands, and. vessels. 
From this it, appears that albumen exists under two atinhos, 
liquid and solid. 

Liquid albumen is. best procured from the white of eggs 
which consists almost solely of this principle, united: with wa- 
terand’ free|soda, and mixed with a small quantity of saline 
matter. In this state it is a thick glairy fluid, insipid, ino- 
dorous, ‘and easily. miscible. with cold water,. in a sufficient 
quantity of which it is completely dissolved... When exposed 
im thin layers to.a current of air it dries, and. becomes .a 
solid and transparent, substance, which retains. its, solubility 
in water, and may be preserved for any length of time with- 
out change. Kept in its fluid condition it readily putrefies. 
From the free soda which they contain, albuminous: wands 
have always an alkaline reaction. 

Liquid albumen is coagulated by heat, alcohol, and. the 
stronger acids... Undiluted albumen is coagulated by a tem- 
perature of 160°, and when diluted with water at 212° F; 
Water which contains only 1-1000th of its weight of albu- 
men. is rendered, opaque by boiling, . (Bostock.). On, this 
property is founded the method of clarifying by. means, of al- 
bursinous solutions; for the albumen being coagulated by | 


heat, entangles in its substance all the foreign, particles. which | 
an 


{ 
{ 
: 
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are not actually dissolved, and carries them with ‘it’ to the 
surface of the liquid. ‘The character of being coagulated by 
hot water distinguishes albumen from all other animal fluids. 

The acids differ in their action‘on albumen.’ ‘I’he'sulphu- 
ric; muriatic, nitric; and phosphoric acids coagulate it;) and 
in each case, according to 'Thenard, some of the acid ‘is retain- 
ed by the albumen. © Its solution is not precipitated at all by 
acetic acid. By maceration in dilute nitric acid fora month, it 
is converted, according to Mr. Hatchett, into.a substance solu- 
ble in hot water, and possessed of the leading properties of ge- 
latine. Digested in strong sulphuric acid, the coagulum is dis- 
solved, and a dark solution is formed similar to that produced 
by the same acid on fibrin; but if the heat be applied very 
cautiously, the liquid assumes’ a beautiful red colour. ' This 
property, which appears to be characteristic of albumen,’ was 
discovered some years ago’ by Dr. Hope, who informs me that 
the experiment does not vbw 3 succeed, the result being: influ- 
enced by very slight causes. Ly foie 

Albumen is precipitated by several e-crenna especially by 
metallic salts. This effect is produced by the muriate’ of 
tin, sub-acetate of lead, muriate of gold,’ and solution of 
tannin. ' Corrosive sublimate isa very delicate test of thé 
presence of albumen, causing a milkiness when’ the ‘albumen 
is diluted with 2000 parts of water. ‘The nature’ of the’ pre- 
cipitate has already been explained. (Page 486.) The fer- 
rocyanate of potassa is equally delicate, provided a little aces 
tic acid is previously added to neutralize the free soda. 

When an albuminous liquid’ is ‘exposed to the agency of 
galvanism, pure soda makes its appearance at the negative 
wire, ‘and the albumen’ coagulates around that -whigh is in 
connexion with the positive pole of the battery.. Mr Brandé,* 
who first observed.this phenomenon, “ascribes it to the’ sepa- 
ration of free soda, upon which he’ supposes the solubility of al- 
'bumen in water to depend; but M. Lassaigne+ attributes it 
to the decomposition of muriate of soda, the.acid of which cO= 
agulates the albumen.’ ‘However ‘this may’ be, ‘galvanism 1s 
one of the most elegant and delicate’ tests of the ebinit hi of 
albumet in aninial fluids which we erp 
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Chemists..are not agreed’ as»to the cause of the coagula- 
tion of albumen. When it is coagulated by different ohehiie 
cal agents, such as tannin and metallic’ salts,:the albumen is 
thrown down in ‘consequence,.of. forming” an insoluble com- 
pound - with the substance employed ; and*perhaps this is also 
the mode by which acids coagulate it.» (With respect toythe 
agency of heat,alcohol, and probably of--acids, a different 
view must be adopted. ‘The explanation usually given is 
that proposed by Dr. Thomson, who ascribes the solubility 
of albumen to the presence of ‘free soda, and its coagulation 
to the removal.of. the, alkali, . "To this hypothesis Dr.. Bos- 
tock objects, andjwith every appearance of justice, that albus 
minous, liquids do not contain.a sufficient quantity of free al- 
kali for the purpose) .(Medico-Chir.'Trans..vol. i. p..175.) 
Were I to hazard.an opinion on. this subject, it would be:the 
following :—that albumen combines’ directly with ‘water. at 
the moment.of being, secreted, at a time when. its. particles 
are in a state of minute division;. but_as its affinity for that 
liquid is very, feeble, the compound is decomposed by, slight 
causes, and for the same reason, the; albumen becomes quite 
insoluble, as’ soon |as. it 1s, rendered solid. by, coagulation: 
Silica affords us an,instance of a similar eh sdemannpts eres 
371.), Pr | 7 eer 
eedalbiouncel msseplinkin’ in ly appearing to undergo any 
rather of composition, but it)is quite insoluble in water, and 
is less liable to putrefy than in its liquid. state...; It is dissolv- 
ed by alkalies with disengagement of ammonia, and is preci- 
pitated from. its. solution ,by acids., .In the coagulated ‘state 
it, bears.a.very close resemblance to fibrin, and.is with diffi- 
culty distinguished from, it. ..Alcohol, ether, acids, and ,al- 
kalies, according to, Berzelius, act upon each in the same man- 
ner. ,He observes, however, that acetic acid and. ammonia 
dissolve, fibrin more. easily than coagulated. albumen. ..Ac- 
cording|to Thenard, ; they are readily, distinguished. by means 
of the deutoxide of hydrogen, from which. fibrin. causes evo- | 
luuon of oxygen, while albumen has no action upon jt., ,)); 

Albumen has been analyzed by Gay-Lussac and: ‘i bonged, 
and Dr. Prout; with the following results :— 
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Gay-Lussac and Thenard. Dr. Prout. 

Carbon, 52.883, 1'7 atoms. 50, - 15 atoms. 
Hydrogen, 7.540, 13 atoms. 7.78, 14 atoms. 
Oxygen, 23.872, 6 atoms. 26.67, 6 atoms. 
Nitrogen, 15.705, 2 atoms. 15/55, °''2 atoms. 

ey pees 

100.000 : 100.00 

GEUATINE. 


Gelatine exists abundantly in many of the solid parts of the 
body, especially in the skin, cartilages, tendons, membranes, 
and bones. _ According to Berzelius, it is not contained in any 
of the healthy animal fluids; and Dr. Bostock, with respect 
to the blood, has demonstrated the accuracy of this state- 
ment. (Medico-Chir. Trans. vol. i. and 1.) 

Gelatine is distinguished from all animal principles by its 
ready solubility in boiling water, and by the solution forming 
a bulky, semi-transparent, tremulous jelly as it cools. Its ten- 
dency to gelatinize is such, that one part of gelatine, dissolved 
in 100 parts of water, becomes solid in cooling. This jelly isa 
hydrate of gelatine, and contains so much water, that it readily 
liquefies when warmed. On expelling the water by a gentle 
heat, a brittle mass is left, which retains its solubility m hot 
water, and may be preserved for any length of time without 
change. Jelly, on the contrary, soon becomes acid te keep- 
ing, and then putrefies. 

The common gelatine of commerce is the well-known ce- 
ment called glue, which is prepared by boiling “cuttings of 
parchment, or the skins, ears, and hoofs of animals, and 
evaporating the solution. Isinglass, which is the purest va- 
riety of gelatine, is prepared from the sounds of fish of the 
genus acipenser, especially from the sturgeon. ‘The animal 
jelly of the confectioners is made from the feet of calves, the 
tendinous and ligamentous parts of which yield a large quan- 
tity of gelatine. 

Gelatine is insoluble in alcohol, but is dissolved readily by 
most of the diluted acids, which form an excellent solvent for 
it. Mixed with twice its weight of concentrated sulphuric 
acid, it dissolves without being charred ; and on diluting the 
solution with water, boiling for several hours, separating the 
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acid by means of chalk, and evaporating the filtered liquid, a 
peculiar saccharine’ principle is deposited in crystals. | This 
stibstance has a sweet taste, somewhat like that of the sugar 
of grapes, is soluble in water, though less so than common su- 
gar, and is insoluble in alcohol. When heated to redness, it 
yields ammonia as one of the products, a cireumstance which’ 
shows that it contains nitrogen. Mixed with yeast, its solution 
does not undergo the vinous fermentation ; and it combines di- 
rectly with the nitric acid. It is hence apparent that, though 
possessed of a sweet taste, it differs entirely from sugar. This 
stibstance was discovered by M. Braconnot. (An. de Ch. et de 
Ph. vol. xiii.) 

Gelatine is dissolved by the liquid alkalies, and the solus 
tion is not precipitated by acids. 

Gelatine manifests little tendency to unite with metallic 
oxides. Corrosive sublimate and subacetate of léad do not 
occasion any precipitate in a solution of gelatine, and the salts 
of tin and silver affect it very slightly. The best precipitant 
for it is tatinin. By means of an infusion of gall-nuts, Dr: 
Bostock detected the presence of gelatine when mixed with 
5000 times its weight of water; and its quantity may even be 
estimated approximatively by this reagent. (Page 558.) But 
since other animal substances, as for example albumen, are 
precipitated by tannin, it cannot be relied on as a test of ge- 
latine. ‘The best character for this substance is that of solu- 
bility in hot water, and of forming a jelly as it cools. | 

Accorditig to the analysis of gelatine by Gay-Lussac and 
Thenard, 100 parts of this substance consist of carbon, 47.881, 
hydrogen, 7.914, oxygen, 27.207, and nitrogen, 16.998. 
From these numbers it appears that its composition, as to 
the relative quantity of its elements, is identical with that of 
albumen as determined by et Prout. 


UREA, 


Pure Urea is procured by evaporating fresh urine to the 
consistence of a syrup, and then gradually adding to it, when 
quite cold, pure concentrated nitric acid, till the whole 
becomes a dark-coloured erystallized mass, which is to -be 
slightly washed with cold water, and then dried by pressure 
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between folds. of bibulous paper. | ‘Lo, the. nitrate, of urea,, 
thus ‘procured, a pretty strong solution of the carbonate, of, 
potassa.or soda is added, until, the: acid.is,neutralized,,,and. 
the solution, is afterwards, concentrated by evaporation, and 
set aside, in order that the nitre may, separate/in. cr ystals, T he, 
residual liquid, which isan impure solution of urea,,1s made. 
up into a thin paste with animal, charcoal,, and is) allowed..to. 
remain in that state for.a few hours... The paste is then,.mixs, 
ed with cold water, which takes’ up the urea, while the) co- 
louring matter is retained by the charcoal,; and the, colour- 
less solution is evaporated to dryness.at.a low temperature. 
The residue is then boiled in pure alcohol, by which.the urea 
is dissolved,. and from) .which it;is Aappsited in crystals on 
cooling. 

Dr. Prout, to. whom we are indebted fon the Ran ots 

process for preparing pure urea, has given the following ac- 
count of its. properties., .(Medico-Chir.. Trans. vol. viii. p. 
529.) Its crystals are transparent and colourless, of a slight 
pearly lustre, and have commonly the form of a four-sided 
prism. . It leaves a sensation of coldness, on) ,the tongue like 
nitre., Its. smell is faint and. peculiar, but.not urinous, «Its 
specific gravity is about 1.35... It does not affect, the. colour 
of Jitmus or turmeric paper... Ina moist. atmosphere, it. de- 
liquesces slightly ; but otherwise undergoes no change on ex- 
posure to the air... Exposed to a strong heat, it, melts, and 
is partly decomposed, and partly sublimes, apparently with- 
out change. The chief product of, the decomposition, /be- 
sides inflammable, gas of a very fetid odour, benzoic acid and 
charcoalsis-carbonate of ammonia.. 

Water at 60° dissolves more than its own weight of urea, 
and. boiling water takes upan unlimited, quantity of it. It re- 
quires for ening about five times its, weight of alcohol, of 
density 0.816, at 60° F. and rather less than its own ahs at 
a boiling temperature. The aqueous solution of pure urea may 
be exposed to the atmosphere for several months, or be_heat- 
ed to the boiling point, without change ; but, on the contrary, 
if the other, constituents! of the urine are present, it, putrefies 
with rapidity, and is decomposed, by a temperature of 212° 
F., being almost entirely resolved, into carbonate, of, ammonia 
oa continued, ebullition, | PT, 
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oT he pure fixed alkalies and alkaline earths decompose urea, | 
especially by the aid of. heat, ep orwe ofa ammonia sot the 
chief product.’ ; f 

© Though urea’ has’ not: any atddin cts cieaine Hivobanetees it 
unites with the nitric and oxalic acids, forming sparingly solu- 
ble’ compounds, which’ crystallize’ in’ scales ofa pearly lustre. 
This property affords an excellent test of the presence of urea., 
Both'compounds have am acid réaction, and the nitrate consists 
of nitric acid 54 parts or one atom, and 60 parts or two atoms 
of urea. 

\ The'constituentsof urea, ‘according to the analysis of Dr. 
Prout; are‘in ‘the proportion of 6 parts orone atom‘of car 
bon,’ 2:or two atoms ‘of hydrogen, 8 or one atomeof oxygen, 
and 14 or one atom of nitrogen. Its atomic weight, therefore, 
is 30. 


SUGAR OF MILK AND SUGAR OF DIABETES, 


Sugar of Milk.—The saccharine principle of milk is ob- 
tained from whey by evaporating’ ‘that liquid to the consis- 
tence of syrup, and allowing it to cool. It is afterwards 
purified by ‘means of albumen/and a second’ crystallization. 

“The sugar of “milk: has’a sweet’ taste, though‘ less so than 
the stigar of the cane, from which it differs essentially’ i mM 'se- 
eral ther respects. ‘Thus-it' requires. seven | parts of cold 
‘anid four6f boiling water for ‘solution; and is insoluble in al- 
cohol. It is not susceptible of undergoing the vinous fermen- 

tation; and when digested with nitric acid it yields the sac- 
eholacti¢ acid, a’property ‘first noticed by Scheele, and which 
distinguishes the saccharine principle of milk from every other 
‘species of sagar.” Like ‘starch, it’ is convertible into real'sugar 
“by being’ boiled in’ water acidulated with ‘sulphuric ‘acid. : 

'Thé sugar of milk ‘contaifis no nitrogen, and according to 
the analysis of Gay-Lussac and ‘Thenard, ‘is very analogous 
‘to common sugar in’ the proportion of its elements. 

Sugar of Diabetes. —In the disease called: Diadvetes, the 
urine’ contains a’ peculiar saccharine matter, which, when 
properly’ purified,’ ‘appears identical both) in properties ‘and 
composition’ ‘to vegetable sugar, approaching nearer: to the 
“sugar of ‘grapes than that-from ithe sugar cane. » Dr. Prout 
“found a ‘minute quantity “of: nitrogen im it, but) this gas, 
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_ from its minute quantity, most probably originated in some 
animal matter derived from the urine. 

This kind of sugar is obtained in an irregularly crystal- 
line mass by evaporating diabetic urine to the consistence of 
syrup, and keeping it in a warm place for several days, It 
is purified by washing the mass with cold alcohol or at most 
gently heated, ‘till that liquid comes off colourless, and then 
dissolving it in hot alcohol. By repeated. crystallization it is 
thus rendered quite pure. (Prout.) 


~ ‘Two other principles yet remain to be considered, namely, 
the colouring principle of the blood, and caseous matter; but 
they will be more conveniently studied in subsequent sections, 


SECTION II. 


ANIMAL ACIDS. 


Iw animal bodies several acids are found, such as the sul- 
phuric, muriatic, phosphoric, acetic, &e., which belong 
equally to the mineral or vegetable kingdom, and which have 
consequently been described in other parts of the work. In 
this section are included those acids only which are believed 
to be peculiar to animal bodies. 


| URIC, PURPURIC, ROSACIC, FORMIC AND LACTIC ACIDs, &e. 


Uric or Lithic acid.—This acid is a common constituent 
of urinary and gouty concretions, and is always present in 
healthy urine, combined with ammonia or some other alkali. 
The urine of birds of prey, such as the eagle, and of the 
Boa Constrictor and other serpents, consists almost solely of 
urate of ammonia, from which pure uric acid’ may be pro- 
cured by a very simple process. For this purpose the solid 
urine of the Boa Constrictor is reduced to a fine powder, and 
digested in a solution of pure potassa, in which. it is readily 
dissolved with disengagement of ammonia. ‘The urate of po- 
‘tassa is then decomposed by adding the acetic, muriatic, or 
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sulphuric acid in slight excess, when the uric acid is thrown 
down, and after being. washed, is collected on a filter.. On its 
first separation from the alkali it isin the form of a gelatinous 
-bydrate, but in a short. time this compound is decomposed. 
spontaneously, and the uric acid subsides in small crystals. 

‘Pure uric ‘acid is white, tasteless, and inodorous. It is 
implies in alcoho], and is dissolved very sparingly by cold 
or hot water, requiring about 10,000 times its weight of that 
fluid at 60° F. for solution. (Prout.) | It reddens litmus pa- 
per, and unites with alkalies, forming salts which are called 
urates. or lithates. The uric acid does not effervesce with 
alkaline carbonates; but Dr..Thomson affirms that. when 
boiled for some time with the carbonate of soda, the whole 
of the carbonic acid is expelled. A current of carbonic acid, 
on the contrary, throws down the uric acid when dissolved 
by potassa. This acid undergoes no eee by exposure to © 
the air. 

Of the acids none exert any papilalt action on the uric 
excepting the nitric acid... When a few drops of nitric acid, 
slightly diluted, are mixed on a watch glass with uric acid, 
andthe:liquid is evaporated to dryness, a beautiful. purple | 
colour comes into view, the tint of which is improved by the \ 
addition of water. This character affords. an unequivocal | 
test of the presence of uric acid. The nature of the change 
will be considered immediately. | 262 

Uric acid is decomposed. by chlorine. On transmitting | 
that gas through water in which uric acid is suspended, the 
latter disappears, and the liquid is: found to contain the ox- 
alic and malic acids, and muriate of ammonia. 

‘Uric acid has been repeatedly analyzed. by Dr. Prout, and 
its constituents, according to: his latest analysis, (Medico, 
Chir. Trans. vol. 1x.) are in the following proportions:—= 


Carbon » . 86... or | 6 atoms 
Hydrogen. Bacon ah 
Oxygen : QA. win. virrmBy 
Nitrogen wiojssu BBO oe B 


_ The crystallized acid, as analyzed by Prout, is supposed 
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by most chemists 'to be anhydrous; but Dr.: Thomson main= 
tains that'on exposing 90° parts of it: to a temperature ‘of 
400° F. it loses'18 parts, or the equivalent of two atoms of 
water, and that the residue is ‘the’ real anhydrous uricvacid, 
composed of carbon 6 atoms, oxygen1 atom, and nitrogen 
2 atoms. On this view the atomic weight of uric acid is '72, 

a number which Dr. Thomson has deduced si his. ang 
sis of the urate of soda. 

The salts of uric acid have been ecleitend bi Dr. , Hy 
(Manchester Memoirs, vol. ii. NS.) The only ones of .im- 
portance are the urates of'ammonia, potassa, and soda. The 
urate of ammonia is soluble to.a considerable extent:in boil- 
ing, but more sparingly in cold water. ‘The urates of soda 
and potassa, if ‘neutral, are of very sparing: solubility ;, but 
an’excess of either alkali takes up a Jarge. quantity ofithe 
acid. The former’ was found by Dr. Wollaston.:to\ be) the 
chief constituent of gouty concretions. 

Pyro-uric acid.=—W hen uric: acid: is exposed: to: hints in a 
retort, the: carbonate and hydrocyanate of ammonia are form- 
ed, together witha peculiar volatile acid, called pyro-uric acid, 
which was formerly described: by Dr. Henry, and has:recents 
ly. been particularly »studied by MM. Chevallier and Las- 
saigne. (Ann. of Phil- vol. xvi.) oka). evn? te 

This acid sublimes without change, and eihevirs PH om aad 
surfaces in the form of white acicular crystals. It is soluble 
in boiling alcohol, and requires forty times its weight of wa~- 
ter for solution.» It 1s ‘not decomposed by: digestion: in ni- 
tric acid, a’ character by whichiit is wlaigt coueaed from. uric 
acid. 7 &-oiiks 
Purpuric acid. _ This ointlinahal was fog rebdsruiseid asa 
distinct acid by Dr. Prout, and was described by him:in the 
Philosophical Transactions for 1818. .Though colourless 
itself, it has a remarkable tendency to form red or purple 
coloured salts with alkaline bases, a character by which it is 
distinguished from’ all other substances, and to which it owes 
the name of purpuric acid, suggested by» Dr. Wollaston. 
Thus the purple residue above: mentioned,’ as indicative of 
the presence of uric acid, is»the purpurate of ammonia, 
which is always, generated when the uric is decomposed by 
the nitric acid. . 
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» Tims compound is prepared by digesting pure uric acid, 
extracted from the urine of the doa constrictor, im dilute ni- 
tric acid, when the former is dissolved with effervescence. 
Vhe solution is then neutralized by ammonia, and concen- 
trated by evaporation, durmg the course of )which pur- 
ple coloured »crystals of the purpurate of ammonia are 
deposited: —The purpurate of ammonia is then decompos- 
ed by digestion with pure potassa,:and the liquid is: gra- 
dually: poured into dilute sulphuric acid. The’ purpuric 
acidvis thus disengaged, :and being: insoluble in water, sub- 
sides to the bottom:in: the form of a white or yellowish- 
white powder, according to its degree of purity. This pro- 
cess, I’ may remark, is one of some delicacy ;—I have re- 
peatedly followed the steps recommended by Dr. Prout, 
but have been as frequently disappointed: in the winx to 
procure the acid in an insulated state. 

Considerable uncertainty prevails as to the nature of pur- 
puric acid, Vauquelin, for example, denies that its salts 
have a purple colour, but attributes that tint to the presence 
of some impurity. M. Lassaigne is likewise inclined to the 
same opinion, (An. de Ch, et de Ph. vol. xxi. p, 334.) 
The composition of the acid is a pomt equally unsettled; for: 
Dr. Prout has expressed a doubt of the accuracy of the an- 
alysis which he formerly published. 
~The name of erythric acid (from egudgaivew, to redden) was 
applied by Brugnatelli to a substance which he procured by 
the action of the nitric‘on uric acid. It obviously contains pur- 
puric acid, and Dr. Prout thinks it probable that it is a su- | 
per-salt, een of) purpuric ‘and nitric acids, and am. 
monia. | | 
Rosacice acid. wills name was isin by Proisil to a pe- 
dill acid supposed to exist in the red matter, commonly 
called. by medical practitioners the Jlateritious sediment, 
which is deposited from the urine in some stages of fever. 
From the experiments of Vogel it appears to be the uric 
acid, either combined with an alkali, or modified by the pre- 
sence of animal matter. Dr. Prout is of opinion that it con. 
tains some purpurate of ammonia; and, as he has detected: 
the presence of nitric acid in the urine from which such: ‘Se. 

28 . 
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diments were deposited, he thinks it probable that the pur- 
purate may be generated by the reaction of the uric and ni- 
tric acids on each other in the urinary passages. 

Formic acid.—The acid extracted from ants was for some 
time suspected, chiefly on the authority of Fourcroy and 
Vauquelin, to be a mixture of the acetic and malic acids ; but 
the experiments of Suersen, Gehlen, Berzelius, and Débe- 
reiner appear to leave no doubt of its being a distinct com- 
pound, In volatility and odour it does, mdeed, resemble 
the acetic acid ; but im composition it is entirely different. 
According to the analysis of the formate of lead by Berze- 
lius, the atomic weight of formic acid is inferred to be 37; 
and it is composed of carbon 12 parts or two atoms, hydro- 
gen 1 or one atom, and 24 parts or three atoms of oxygen. It 
hence differs from oxalic acid only in containing one atom of 
hydrogen. According to Dobereiner it is resolved into car- 
bonic oxide and water by the action of strong sulphuric acid. 
The same ingenious chemist has succeeded in preparing for- 
mic acid artificially, by applying a gentle heat to a mixture 
of tartaric acid, water, and the protoxide of manganese. The 
tartaric acid is converted into water, carbonic acid, and for- 
mic acid. (An. of Phy. vol. iv. N, S.) 

. Lactic acid. 'The existence of this acid, though described 
Ris Berzelius, and found by him in sour milk and in many 
animal fluids, was never demonstrated in a satisfactory man- 
ner. Berzelius himself now admits it to be the acetic acid 
disguised by animal matter, an opinion which is confirmed 
by Tiedemann and Gmelin in their experimental Essay on 
Digestion. (Die Verdauung nach Versuche. Heidelberg, 1626.) 

The Amniotic is a weak acid which was discovered by Bu- 
niva and Vauquelin i in the liquor of the Amnios of the cow, 
from which it is deposited by gentle evaporation in the form 
of white acicular crystals. Itis very sparingly soluble in wa- 
ter, but yields with the alkalies soluble compounds which are 
decomposed by most of the acids. 

Several other animal acids, such as the stearic, oleic,, mar= 
garic, and others, should also be mentioned here; but as they 
are closely allied to the fatty principles from which they are 
derived, they will be more conveniently described in the: fol- 
lowing section, 
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SECTION III. . m 
OLEAGINOUS SUBSTANCES. 
ANIMAL OILS AND HARG: 


Tug, fatty principles derived from, the bodies of animals.a are 
very analogous in composition and properties to the vegetable. 
fixed oils ; and in Britain, where the latter are comparatively 
expensive, the former are employed, both for the purposes of 
giving light, and for the manufacture of soap. Their ulti. 
mate elements are carbon, hydrogen, and oxygen ; and most 
of them, like the fixed oils, consist of stearine and elaine. 

From a curious experiment of Bérard it appears that a 
substance very analogous to fat may be made artificially. 
On mixing together one measure of carbonic acid, ten mea- 
sures of carburetted hydrogen, and twenty of hydrogen, and 
transmitting the mixture through a red-hot tube, several 
white crystals were obtained, which were insoluble in water, 
soluble in alcohol, and fusible by heat into an oily fluid. 
(An. of Ph. vol. xii. p. 41.) Débereiner prepared an analo- 
gous substance from a mixture of coal gas and aaneens va- 
pour. 

Train oil.—Train oil is obtained by means of heat from 
the blubber of the whale, and is employed extensively in. 
making oil gas and for burning in common lamps. | It is, ge- 
nerally of a reddish or yellow colour, emits a strong unplea- 
sant odour, and has a considerable degree of viscidity, ‘proper- 
ties which render it unfit for being burned. in argand lamps, 
and which are owing partly to the heat employed in its ex- 
traction, and partly to the presence of impurities. By puri- 
fication, indeed, it may be rendered more limpid, and _ its. 
odour less offensive; but it. is ANAS inferior to spermaceti 
oil. 

Spermaceti. oil is obtained from an oily matter lodged ina 
bony cavity in the head of the Physeter macrocephalus, or 
spermaceti whale. On subjecting this substance to pressure 
in bags, a quantity of pure limpid oil is expressed; and. the 
residue, after being melted, strained, and washed with a weak 
solution of potassa, is sold ale: the name of spermaccti. — 
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Animal oil of Dippel.——This name 1s applied to a limpid 
volatile oil, which is entirely different from the oils above 
mentioned, and is a product of the destructive distillation of 
animal matter, especially of albuminous and gelatinous sub- 
stances. When purified by distillation, it is clear and 
transparent. It was formerly much used in medicine, but 
is now no longer employed. 

Hogslard and suet.—The most common kinds of fat are 
hogslard and suet, which differ from each other chiefly in 
the degree of consistency. The latter, when separated by fu- 
sion from the membrane in which it occurs, is called tallow, 
which is extensively employed in the manufacture of soap 
and candles. Both these varieties of fat, as well as train and 
spermaceti oil, consist almost entirely of stearine and elaine, 
ayd when converted into soap, undergo the same change as 
the fixed oils, yielding margaric and oleic acids, and the mild 
principle of oils called glycerine. 

The method of preparing stearine and claine from the ve- 
getable oils has already been detailed; (page 554) and the 
same process, which originated with M. Braconnot, is also 
applicable to hogslard., The mode by which M. Chevreul 
obtains these principles is by treating hogslard in successive 

‘portions of hot alcohol. The spirit in cooling deposites the 
stearine in the form of white crystalline needles, which are 
brittle, and have the aspect of wax, fuse readily when heat- 
ed, and are insoluble in water. The alcoholic solution, when 
evaporated, leaves an oily fluid which is elaine. ‘They may 
be then rendered quite pure by re-solution in boiling alcohol. 

For the method of obtaining margaric and oleic acids in a 
state of perfect purity, I refer to the account of M. Chevreul 
in his treatise, Sar les Corps Gras. ‘The principle of the 
process is the following :—a portion of hogslard is converted 
_into soap by means of pure potassa, and the soap so formed, 
consisting of the margarate and oleate of that alkali, is sepa- 
rated as much as possible from adhering moisture by bibu- 
lous paper, and then treated by cold alcohol of specific gra-, 
vity 0.821, in which the oleate is soluble, and the margarate 
insoluble. The two salts, being thus separated, are decom- 
posed by means of an acid. J 

Margaric acid, so named from its pearly lustre,’ (from 
pagyagirnc a pearl) is insoluble in water, dissolves freely in 
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alcohol, especially by the aid of heat, and has ‘an acid reac- 
tion. ‘At 140° Fahr. it fuses, and shoots into brilliant white 
acicular crystals on cooling. Its salts, those of the alkalies 
excepted, are of very sparing solubility 1 in water. 

Oleic acid, at the mean temperature, is a colourless oily 
fluid, which congeals when it is cooled to near zero of Fahr. 
It has a slightly rancid odour and taste, and reddens htmus 
paper. Its specific gravity is 0.998. It is imsoluble‘in wa- 
ter, but is dissolved in every proportion by alcohol. Of the 
neutral oleates hitherto examined, that of soda and porns 
are alone soluble in water. 

Stearic acid.—This acid is generated, together with the 
two former acids, during the conversion of suet into soap. 
In its properties it is closely allied to the margaric acid. | 

Sebacic acid.—M. 'Thenard ‘has applied this name to an 
acid which is obtained by the distillation of hogslard or suet, 
and is found in the recipient mixed with acetic acid and fat, 
partially -decomposed. It is separated from the latter by 
means of boiling water, and from the former by the acetate 
of lead. The sebate of lead, which subsides, is subsequently 
decomposed by sulphuric acid. | 

The sebacic acid reddens litmus paper, dissolves freely in 
alcohol, and is: more soluble in hot than in cold water. It 
melts like fat when heated, and’ crystallizes in small white 
needles in cooling. It is not applied to any use. 

Butyrine.—Butter differs from the common animal fats in 
containing a peculiar oleaginous matter, which is quite fluid 
at ‘70° F’., and to which M. Chevreul has applied the name 
of butyrine. When converted into soap, it yields, in addi- 
tion to the usual products, three volatile odoriferous com- 
pounds, namely, the butyric, caproic and caprie acids. 

Phocenine is ‘a peculiar fatty substance contained in the 
oil of the porpoise (Delphinum phocena) mixed with elaine. 
When converted into soap it yields a volatile odoriferous pit 
called the phocenic acid. (Chevreul. ) 

Hircine is contained in the fat of the goat and sheep, and 
yields the hircic acid when converted into soap. (Chevreul. ) 

Spermaceti.—This inflammable substance, which is pre- 
pared from the spermaceti whale as above mentioned, ‘com- 
monly occurs in crystalline plates of a white colour and sil- 
very lustre. It is brittle, and feels soft and slightly unctuous 
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to the touch. %It/has no taste, and’ scarcely any odour. It 
is insoluble in water, but dissolves in about thirteen times 
its weight of boiling alcohol, from which the greater part is 
deposited on cooling in the form of brilliant scales. It is 
still more soluble in ether. It is exceedingly fusible, lique- 
fying at a temperature which is distinctly below 212° F. 
Digested with pure potassa it is converted into soap. 

The spermaceti of commerce always contains some fluid 
oil, from which it may be purified by solution in boiling al- 
cohol. ‘To the white crystalline scales deposited from the 
spirit as it cools, and which is spermaceti in a state of per- 
fect purity, M. Chevreul has given the name of cetine. 

Adipocire.—-When a piece of fresh muscle is exposed for 
some time to the action of water, or is kept in moist earth, the 
fibrin entirely disappears, and a fatty matter called adipocire 
remains, which has some resemblance to spermaceti. ‘The 
fibrin was formerly thought to be really converted into adi- 
pocire; but Gay-Lussac * and Chevreul maintain that this 
substance proceeds entirely from the fat originally present in 
the muscle, and that the fibrin is merely destroyed by putre- 
faction. Dr. Thomson maintains, however, that the conver- 
sion of fibrin into fat does occur in some instances, and has 
related a remarkable case in proof of his opinion. » (Ann. of 
Phil. vol. xii. p. 41.) According to M. Chevreul, the adi- 
pocire is not a pure fatty principle, but a species of soap, 
chiefly consisting of margaric acid in combination with am- 
monia generated during the decomposition of the fibrin. 

Cholesterine.+ This name is applied by M. Chevreul ‘to 
the crystalline matter which constitutes the basis of most of 
the biliary concretions formed in the human subject. Four- 
croy, regarding it as identical with ‘spermaceti and the fatty 
matter just described, comprehended all these substances un- 
der the general appellation of adipocire; but M. Chevreu] 
has shown that it is a distinct independent principle, wholly 
different from spermaceti. 

Cholesterine is a white brittle solid of a crystalline lamellat- 
ed structure and brilliant lustre, very much resembling sper- 
maceti; but it is distinguished from that substance by requir- 
ing a temperature of 278° F. for fusion, and by not being 
convertible into soap when digested ina solution of potassa. 


* An. de.Ch. et de Ph. vol. iv. + From yoan bile and crigses solid, 
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It is free from taste and odour, and is insoluble in water. It 
dissolves freely in boiling alcohol, from which it is deposited 
on. cooling in white pearly scales. When digested in an equal 
weight of nitric acid it yields a peculiar acid, called choles- 
teric acid, which was described by MM. Pelletier and Ca- 
ventou in the third volume of the Journal de Pharmacie. 

According to,the analysis of M. Chevreul, cholesterine js 
composed of carbon 85.095, hydrogen 11.880, and. ine 
3.025. 

Cholesterine has lately been detected in the bile of, wan, 
and. of several of the lower animals, such as the ox, dog, 
pig, and bear. This interesting discovery was made about 
the same time by Chevreul in Paris, and. by Tiedemann and 
Gmelin in Heidelberg. M. Lassaigne has likewise found.it in 
the biliary calculus of a pig: (An. de Ch.et de Ph. vol. xxxi.) 

The best method of preparing pure cholesterine is to treat 
human biliary concretions, reduced to powder, with boiling 
alcohol, apd to filter the hot solution as rapidly as possible. 
As the liquid cools, the greater part of the cholesterine sub- 
sides... In this way it is freed from the colouring matter with 
which it is commonly associated in the gall-stone. 

Ambergris. This substance is found floating on the sur- 
face of the sea near the coasts of India, Africa, and Brazil, 
and. is supposed: to be a concretion formed in the stomach of 
the spermaceti whale. It has commonly been regarded as a 
resinous principle ;. but its chief constituent is a substance 
very analogous to cholesterine, and:to which Pelletier and Ca- 
ventou have given the name of ambreine. By digestion in 
nitric acid ambreine is converted into a peculiar acid called 
the ambreic acid, (An. of Phil. vol. xvi.) 


ON THE MORE COMPLEX ANIMAL SUBSTANCES 
AND SOME FUNCTIONS OF ANIMAL BODIES. 


» SECTION I. 


ON THE BLOOD.—RESPIRATION AND ANIMAL HEAT, 


Tue blood, while circulating in the vessels of living’animals 
is fluid, and of a florid red colour in the arteries, and of a 
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dark purple colour in the veins, Its taste is slightly saline, its 
odour peculiar, and to the touch it seems somewhat unctuous. 
Its specific gravity is variable, but most’ commonly is near 
1.05, and in man its temperature is about 98° or 100° Falir. 
~ When recently drawn, it appears to the naked eye as an uni- 
form homogeneous fluid ; but if examined with a microscope 
of sufficient power, numerous red_ particles of a globular 
form are seen floating in a colourless fluid. .The compound 
nature of the blood is rendered still more apparent.by the 
process of coagulation, during which it separates spontane- 
ously into two distinct portions, a yellowish liquid called the 
serum of the blood, and a red solid, known by the name of 
the clot, eruor, or crassamentum. "The proportion of these 
parts is variable, the latter being more abundant:in healthy 
vigorous animals, than.in those which have been debilitated 
by depletion, low living, or disease. 

The'serum is inate unctuous to tha pert a“ a Sadliekc 
taste, and of slightly alkaline reaction, owing to the presence 
of a little free soda, Its average specific gravity is about 
1.029. Like other albuminecus liquids, it is coagulated by 
heat, acids, alcohol, and ail other substances which coagulate 
albumen. On subjecting the coagulum prepared by heat, 
to gentle pressure, a small. quantity of a colourless limpid 
fluid, called the serostty, oozes out, which contains, accord- 
ing to Dr. Bostock, about .1-50th of. its weight of animal 
matter, together with a little muriate of soda. Of this animal 
matter a portion is albumen, which may easily be coagulated 
by means of galvanism; but a small quantity of some other 
principle is present, which differs both from:albumen and 
gelatine. (Med. Chir. Trans. vol. 11. p. 166.) 

_From the analysis of the late Dr. Marcet, 1000 eee a 
the serum of human blood are composed of water 900 parts, 
albumen 86.8, muriate of potassa and soda 6.6, muco-extrac- 
tive matter 4, carbonate of soda, 1.65, sulphate, of potassa 
0.35, and of earthy phosphates 0.60. This result agrees 
very nearly with that obtained by Berzelius, who states that 
the extractive matter of Marcet is lactate (acetate) of soda 
united with animal matter. (Med. Chir. Trans, vol. iii. 
p. 231.) 

The crassamentum.or clot of the, blood consists of, two 
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parts, the fibrin and colouring principle. The latter resides 
in distinct particles, which, according to Prevost and Dumas, 
are elliptical in birds and cold- blooded animals, and as- 
sume the globular form in the mammiferous animals. 
‘These globules are insoluble in serum; but their colour is 
‘dissolved by pure water, acids, alkalies, and alcohol. Much 
uncertainty prevails: among chemists relative to the cause of 
the colour of the red globules. As soon as the blood was 
known to contain iron, the peroxide of which has a red. tint, 
the colour of the red globules was ascribed to the presence 
of that metal, and some chemists supposed it to be in the 
form of the sub-phosphate of iron. ‘This opinion was adopt- 
ed by Fourcroy and Vauquelin, who even affirmed that the 
phosphate of iron may be dissolved in serum by means of 
an alkali, and that the colour of the solution is exactly similar 
to that of the blood. 

‘This subject was investigated in 1806 by Bersehitv) who 
showed that the sub-phosphate of iron cannot be dissolved 
in serum, in the way supposed. by Fourcroy ‘and Vauquelin, 
except im very minute quantity: and that this salt, even 
~when rendered soluble: by phosphoric acid, communicates a 
tint quite different from that of the red globules. On com- 
-paring together the composition of the three principal ingre- 
-dients of the blood, viz. fibrin, albumen, and colouring matter, 
‘he found that the ashes of the last always yielded oxide of iron 
-in the proportion of 1-200th of the original mass, while the 
oxide was entirely wanting in the two former. From this it 
was a probable inference that iron is somehow or other con- 
cerned in the production of the red colour; but the’ experi- 
ments of Berzelius did not make known the state in which 
that metal exists in the blood. He could ‘not detect its pre- 
sence by any of: the liquid tests. (Med. Chir. Trans.’ vol. 
il. ps 213.) | | : 

In a series of aiiiiehscelb nts published m 1812, (Philos. 
Trans.) Mr. Brande obtained results quite contrary to those of 
Berzelius. He detected iron in the ashes of the serum and fib- 
_rin as well as in those of the red globules; and in each it was 
_present in such minute quantity, that no effect as ‘a colouring 
agent could be expected from it. Mr. Brande supposed that 
the tint of the red globules is produced by a peculiar animal 
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colouring principle, capable, like other substances of a simi- 
lar nature, of combining with metallic oxides. He succeeded 
in obtaining a compound of the colouring matter of the blood 
with the oxide of tin; but its best precipitants are the ni- 
trate of mercury and corrosive sublimate. Woollen cloths 
impregnated with either of these compounds, on their being 
dipped into an aqueous solution of the colouring matter, ac- 
quired a permanent red dye, unchangeable by washing with 
soap. | 2 

The conclusions of Brande, relative to the presence of iron 
in the albumen and fibrin ‘of the blood, received additional 
support from the researches of Vauquelin; (An. de Ch. et de 
Ph. vol. i.) but the question has been. finally decided by Dr. 
Engelhart, a:young German chemist of great promise, who 
gained the prize offered in the year 1825 by the Medical Fa- 
culty of Gottingen for the best Essay on the nature ‘of the 
colouring matter of the blood. (Edinb. Med. and Surg. Jour- 
nal for January, 1827.) He demonstrated that the fibrin and 
albumen of the blood, when carefully separated from colour- 
ing particles, do not contain a trace of iron; and,'on the 
contrary, he procured iron from the red globules by inciner- 
ation. But he has likewise succeeded in proving the exist- 
ence of iron in the colouring matter of the blood by the li- 
quid tests; for, on ‘transmitting a current of chlorine gas 
through a solution of the red globules, the colour entirely 
disappeared, white flocks were thrown down, and a transpar- 
ent solution remained, in which the peroxide of iron was dis- 
eovered by all the usual re-agents... The results obtained by 
Dr. Engelhart relative to the quantity of the iron, correspond 
with those of Berzelius. Thesefacts have been since confirm- 
ed by M. Rose, who has accounted in a satisfactory manner 
for the failure of former chemists in detecting iron in the blood 
while in a fluid state. He finds that the oxide of iron cannot 
be precipitated by the alkalies, hydrosulphuret of ammonia, 
or infusion of galls, if.it 1s dissolved in a solution which con- 
tains albumen or other soluble organic principles. 

From the presence of iron in the red globules, and its to- 
tal absence in ‘the other principles of the blood, it is probable 
that this metal, though its quantity does not exceed one-half 
per cent., is essential tothe production of the red colour. The 
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experiments of Dr. Engelhart, however, have not determined 
the manner in which it acts, nor in what state it exists in the 
blood, though it is most probably in the form of an oxide. It 
is a singular coincidence that the sulpho-cyanie acid, which 
forms. with the peroxide of iron a colour exactly like that of 
venous blood, has been detected in the saliva. The existence 
of this acid in the blood itself is, therefore, a circumstance by 
no means improbable. 

Dr. Engelhart is likewise the first chemist who had pro- 
cured the colouring matter of the blood in a state of perfect 
purity. The method formerly recommended is that of Ber- 
zelius, whose process consists in allowing the clot cut into 
thin slices to drain as much as possible on bibulous paper, tri- 
turating it with water, and then evaporating the solution at 
a temperature not exceeding 122° F. As thus prepared, the 
colouring matter retains all its properties, but is mixed with 
a little serum... The method of Dr. Engelhart is founded on 
the fact, that serum, when much diluted, does not coagulate 
by heat, ‘while the red particles are coagulated, and fall — 
down in the form of brown flocks. Serum diluted with ten 
parts of water does not coagulate at 167° F.; but the colour- 
ing matter, dissolved in fifty parts of water, begins to coagu- 
late at 149° F 

The colouring particles, when prepared in this way, are no 
longer of a bright red colour, and their nature is somewhat 
modified, in consequence of which they are insoluble in wa- 
ter. When half dried, they form a brownish-red, granular, 
friable mass; and when completely dried at a temperature 
between 167° and 190°, the mass is tough, hard, brilliant, 
black with reflected, and garnet-red with transmitted. light. 
Except in their insolubility, they have all the properties of 
the red particles obtained by the method of Berzelius. The 
caustic alkalies, with the aid of heat dissolve them aie 
and the solution acquires.a dark blood-red colour. 

The fibrin of the blood may easily be obtained in.a pure 
state by washing the clot in cold water until the colouring 
matter is entirely removed. While circulating in the animal 
body it is either. in a fluid state, or suspended inthe serum 
in the form of minute colourless globules ; but when removed 
from the vessels and set at rest, it becomes solid in the course 
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of a few minutes, giving rise to what is called the coagulation 
of the blood. The time required for coagulation is influenced 
by temperature, being promoted by heat, and retarded by 
cold. Dr. Scudamore finds that blood which begins to coa- 
gulate in four minutes and a half in an atmosphere of 53° F. 
undergoes the same change in two minutes and_a half at 98°; 
and that which coagulates in four minutes at 98° F.. willibe- 
come solid in one minute at 120°. On the contrary, blood 
which coagulates firmly in five minutes at 60° F. wil! remain 
quite fluid for twenty minutes at the temperature of 40° F., 
and requires upwards of an hour for complete iianiptaie 
(Scudamore on the Blood.) | 
‘The process of coagulation is influenced by exposure to 
the air. If the PN air be excluded, as'by filling a 
bottie completely with recently drawn blood, and closing the 
orifice with a good . stopper, coagulation: is retarded. It is 
singular, however, that if blood be confined within the ex- 
hausted receiver of an air-pump, the ik ainis is accelerat- 
ed. (Scudamore.) — | 
Recently drawn blood, owing doubtless to its sltawin ature, 
is known to give off a, portion of aqueous vapour, which has 
a peculiar odour, indicative of the presence of some peculiar 
principle, but in which nothing but water can. be detected. 
Physiologists are not agreed upon the question whether the 
act of coagulation is: or is not accompanied with the disen- 
gagement of gaseous matter. In the experiments of Vogel, 
Brande, and Scudamore, blood coagulating in the vacuum of 
an air-pump was found to emit carbonic acid, and Dr. Scu- 
damore even inferred that the evolution of this gas constitutes 
an essential part of the process. Other experimentalists, 
however, have obtained a different result. Dr. John Davy 
and Dr. Duncan jun., failed in their attempts to procure car- 
bonic acid from blood during coagulation ; and Dr. Christi- 
son, in an experiment performed two years ago in my labo- 
ratory, and at which I was present, was not more successful. 
These facts appear conclusive against the opinion of Dr. 
Scudamore, and they receive additional weight from the con- 
sideration, that, the appearance of carbonic acid in the expe- 
riments above mentioned, might easily have been occasioned 
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by casual exposure to the atmosphere previous to the blood 
being placed under the receiver. 

‘Coagulation is influenced by the rapidity with which the 
blood is removed from the body. Dr. Scudamore observed, 
that blood slowly drawn from a vein dreamy more 4 
than when taken in a full stream. 

- Experiments are still wanting to show the influence of dif- 
ferent gases on coagulation... Oxygen gas accelerates coagu- 
lation, and carbonic acid retards, but cannot prevent it. 

Caloric is evolved during the coagulation of the blood. 
The late Dr. Gordon estimated the rise of the thermometer 
at six degrees ; and Dr. Davy, on the other hand, regards 
the increase of temperature from this cause as very slight. 
Dr. Scudamore finds that the rate at which blood cools is dis- 
tinctly slower than it would be were no caloric disengaged, 
and he observed the thermometer to rise one wet: igs at the 
commencement of coagulation. . 

Some substances prevent the coagulation of the blood. 
This effect is produced by a saturated solution of muriate of 
soda, muriate of ammonia or bitre, and a solution of potassa. 
The coagulation, on the contrary, is promoted by alum and 
the sulphates of zinc and copper. ‘The blood of persons who 
have died:a sudden violent death, by some kinds of poison, 
or from mental emotion, is usually found in a fluid state. 
Lightning is said to havea similar effect; but Dr. Scuda- 
more declares this to be an-error. «Blood, through which 
electric discharges were transmitted, coagulated as quickly as 
that which was’ not electrified; and in animals killed by 
the discharge of a powerful galvanic battery, the blood in the 
veins was always found in a solid state. 

The cause of the coagulation of the blood has been the sub- 
ject of much speculation to physiologists. The tendency of 
this fluid to preserve the liquid form) while contained in a 
living avimal, cannot be ascribed to the motion to which it is 
coutinually subject within the vessels. It is a familiar fact, 
that blood, though continually stirred, out of the body, «is 
not prevented from coagulating ; and it has been noticed, that 
the coagulation: of blood, which is set at rest within its proper 
vessels by the application of ligatures, or which has been ac- 
cidentally extravasated within the body, ts materially retard- 
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ed. It has, indeed, been hitherto found impossible to ac-' 
count in a satisfactory manner for the blood retaining its 
fluidity from the fluence of motion, temperature, or the ope- 
ration of any physical or chemical laws, and, consequently, it 
is generally ascribed to the agency of the vital principle. ‘The 
blood is supposed either to. be endowed with a principle of 
vitality, or to receive from the living parts with which it is in 
contact a certain vital impression, which, together with con- 
stant motion, counteracts its tendency to coagulate. 

The clot of blood drawn from an individual in a state of 
health is red throughout its whole substance, because the 
fibrin coagulates before the red globules have had time to 
subside. In inflammatory diseases, on the contrary, the’ 
blood undergoes a peculiar change, in consequence of which 
the red globules sink to the bottom before the fibrin has be- 
come solid, and thus leave the upper surface of the latter of 
its natural pale colour. ‘This appearance is familiarly known 
by the name of buffy coat. Its formation must obviously 
depend either on the coagulation being unusually slow, so 
that the red globules have full leisure to subside; or on the 
coagulation taking place in the ordinary period, while the 
red globules subside with unusual rapidity. The nature of 
the change which gives rise to the buffy coat is altogether 
unknown. 
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When venous blood is brought into contact with atmos- 
pheric air, its surface passes from a dark purple to a florid red 
colour, oxygen disappears, and carbonic acid gas is emitted. 
These changes take place more speedily when air is agitated 
with blood; they are still more rapid when pure oxygen is 
substituted for atmospheric air; and they do not occur at all 
when oxygen is entirely excluded. It is hence inferred that 
the process of arterialization, as it is called, or the conver- 
sion of venous into arterial blood, depends entirely on the 
presence of oxygen. It is also presumed that the alternat- 
ing shades of colour are caused by the red particles under- 
going certain chemical changes, the nature of which, how- 
ever, is at present quite inexplicable. 
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. The same changes that occur out of the body are continu,’ 
alin taking place within it. During respiration, venous blood 
is exposed in the lungs to the agency of the air and is arte- 
rialized, oxygen disappears, and carbonic acid is evolved ; 
and it is remarkable that these phenomena ensue not only 
during life, but even after death, provided the respiratory 
process be: preserved artificially. Since, therefore, the es- 
sential phenomena of arterialization, according to the best 
data we possess, are the same in a living and in a dead ani- 
mal, and whether the blood is or is not contained in the 
body, it seems quite legitimate to infer, that this process is 
not necessarily dependant on the vital principle, but is it 
determined by the laws of chemical action. 

In studying the subject of respiration the first object is to 
determine the precise change produced in the constitution of 
the air which is inhaled. Dr. Black was the first to notice 
that the air exhaled from the lungs contains a considerable 
quantity of carbonic acid, which may be detected by trans- 
mission through lime water. Priestley, some years after, ob- 
served that air is rendered unfit for supporting flame or ani- 
mal life by the process of respiration, from which it was pro- 
bable that oxygen is consumed ; and Lavoisier subsequently 
established the fact, that during respiration oxygen gas disap- 
pears, and carbonic acid is disengaged. The chief experiment- 
alists who’ have since cultivated this department. of chemical 
physiology are Priestley, Scheele, Lavoisier, Seguin, Craw- 
ford, Goodwin, Davy, Ellis, Allen and Pepys, Edwards and 
Despretz. Of these, the results obtained by Messrs. Allen 
and Pepys,* and Dr. Edwards,+ are the most conclusive and 
satisfactory, their researches being conducted with great care, 
and aided by all the resources of modern chemistry. | 

One of the chief objects of Messrs. Allen and Pepys, in 
their experiments, was to ascertain if any uniform relation 
exists between the oxygen consumed and the carbonic acid 
evolved. They found in general that the quantity of the 
former exceeds that of the latter; but as the difference was 
very trifling, they inferred that the carbonic acid of the 


- * Philosophical Transactions for 1808. 
+ DeV’Influence des agens Physiques sur la Vie. 1824. | 
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expired air is exactly equal to the. oxygen which disappears. 
The experiments of Dr. Edwards were attended with a re- 
markable result, which accounts very happily for some of the 
discordant statements of preceding experimenters. He! found 
the ratio between the gases to vary with the animalJ., In some 
animals it might be regarded as nearly equal ; while in others 
the loss of oxygen considerably exceeded the gain of carbonic: 
acid, so that the respired air suffered. a material diminution» 
in volume. With respect to the human. subject, the state- 
ment of Allen and Pepys‘seems very near the truth. 

The quantity of oxygen withdrawn from the atmosphere; 
and of carbonic acid disengaged, is variable in different indi-: 
viduals, and in the same individual at different times. It is 
estimated by Allen and Pepys, that inevery minute during the 
calm respiration of a healthy man-of ordinary stature, 26.6 
cubic inches of carbonic acid of the temperature of 50° F. are 
emitted, and an equal volume of oxygen withdrawn from the 
atmosphere. From these data it has been calculated that, in 
an interval of twenty-four hours, not less than eleven ounces: 
of carbon are given off from the lungs alone,—an estimate 
which must surely be inaccurate, the quantity being so great 
as sometimes to exceed the weight of carbon contained in ‘the 
‘food. From the, observations of Dr. Prout, it, appears that 
the quantity of carbonic acid emitted from ‘the lungs is 
variable at particular periods of the day, and -in' particular 
states of the system. It is more abundant during the day 
than the night ; about day-break it begins to increase; con- 
uunues to do so till about noon, and then decreases until sun- 
set. During the night it seems to remain uniformly at-a 
mininum; and the maximum quantity given’ off at. noon, 
exceeds the minimum by about one-fifth of the whole. The 
quantity of carbonic’ acid is diminished by any debilitating 
causes, such as low diet, depressing passions, and. the like. 
(An. of Phil. vol. xi. p. 269.)., The experiments of Dr. 
Fyfe, published in his Inaugural. Dissertation, are confirma- 
tory of those above mentioned. ) 

Messrs. Allen and Pepyshave shown that the atmospheric air, 
when drawn into the lungs, returns charged in the succeeding 
expiration with from 8to8.6 per cent. of carbonic acid gas. They 
found also, that when an animal is confined in the same quan- 
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uty of air, death ensues before ‘all the oxygen is consumed ; 
that when the'same portion of air ‘is: repeatedly respired un- 
til it can no longer support a it then contains sonly 10 _ 
cent. of carbonic acid. \ . 

Although in respiration the ertcoiaiiiindoi of the blood by 
means of free oxygen is the essential change,’ without the due 
‘performance of’ which’ the life of warm-blooded animals can- 
‘not be preserved beyond a few minutes, and which is’ like- 
wise necessary to the lowest of the insect tribe, it is import- 
ant to determine whether the nitrogen of the atmosphere has 
‘any influence in the function. - The results of different in-. 
quirers differ considerably. In the experiments of Priestley, 
Davy, Humboldt, Henderson, and Pfaff, there appeared to 
‘be'absorption’ of nitrogen, a less quantity of that gas being ex- 
haled than was inspired. Nysten, Berthollet, and Despretz, on 
the contrary, remarked an increase in the bulk of the nitrogen ; 
and from the researches of Seguin and Lavoisier, Vauquelin, 
‘Ellis, Dalton, and Spallanzani, it was inferred that there is 
neither absorption nor exhalation of nitrogen, the quantity 
of that gas undergoing no change during its passage through 
the air cells of the lungs. Messrs. Allen and Pepys arrived 
ata similar conclusion; and since the appearance of. their 
‘Essay, the opinion has prevailed: very generally among phy- 
-siologists, that in ona” the nitrogen of the:air is alto- 
gether passive. 

The facts ascertained by: Dr.. Edwards rela to: thin 
subject are novel’ and of: peculiar. interest.. This acute phy-. 
siologist has reconciled the discordant results of preceding 
experimentalists, by showing that, during the respiration 
even of the same animal, the quantity of nitrogen ‘may one 
while be increased, at another time diminished, and at a'third 
‘wholly unchanged. He has traced these phenomena to the 
influence of the seasons ; and he suspects, as indeed is most 
probable, that other causes, independently of season, have a 
share in their production. In nearly all the lower animals 
‘which were made the subjects of experiment, an augmenta- 
tion of nitrogen was observable during summer. Sometimes, 
‘indeed, it was so slight that it might be disregarded. But 
‘in many other instances it was so great as to. place the fact 
“beyond the possibility of doubt; and on ‘some cpap it 

ple 
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almost equalled the whole bulk of | the animal... Such conte 
nued to be the result of his inquiries until the close of Oc- 
tober, when he observed a sensible. diminution of nitrogen, 
and the same continued throughout the whole of winter and 
the beginning of spring, 

There are two modes of accounting for. these phenomena. 
According to one view, the nitrogen which, disappears is as- 
cribed to the, absorption, of what was inhaled, and. its increase 
to direct exhalation, the opposite processes of absorption, and 
exhalation being, supposed. not to occur at the same moment. 
According to the other view, both these processes are always 
going on at the same time, and the result depends. on the 
preponderance of one over the other. - When. the absorption 
prevails, a smaller quantity of nitrogen is exhaled than was 
inspired; when. the exhalation exceeds the absorption, an 
increase of nitrogen takes place; but, when the absorption 
and exhalation are equal, the bulk of the inspired air, so far 
as nitrogen is concerned, does not undergo any change. The 
Jatter opinion, which is adopted by Dr. Edwards, is supported 
by two decisive experiments performed by Messrs, Allen and 
Pepys, in one of which a guinea-pig was confined in a vessel 
of oxygen gas, and in the other. in an atmosphere composed 
of 21 measures. of oxygen and .79 of hydrogen. | In both 
cases the residual air contained a quantity of nitrogen great- 
er than the bulk of the animal itself; and in the last.a por- 
tion of hydrogen had disappeared. From this it follows that 
nitrogen may be exhaled from the lungs,, and. that byshiggen 
may be absorbed. 

_.. ‘Two theories.have been proposed in order to. account for 


the phenomena of respiration. According to. one theory, the 
carbonic acid found in the respired. air. is actually generated 
in, the lungs themselves ;. while, acconding to the other, , this 
gas is thought to exist ready formed in the blood,, and to: be 
merely thrown off from that liquid during, its distribution 
through the lungs. 

The former theory, which appears. to have pacattneyie with 
Priestley, has received several modifications, Priestley 1 imagin- 
ed that the phenomena of respiration are owing to the disen- 
gagement of phlogiston from the blood, and its combination 
with the air.. Dr. Crawford modified this doctrine in the fol- 
lowing manner. (Crawford on Animal Heat.) He was of 
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opinion*that venous blodd contains |a peculiar compound of 
carbon. and hydrogen, termed hydro-carbon, the. elements 
of which unite:in' the lungs with the,oxygen. of the air, form~- 
ing water with the one,’ and.,carbonic. acid; with the other); 
and that the blood, thus purified, regains,its, florid hue, and 
becomes fit for the purposes of the animal economy... 

..: The hypothesis of Crawford, bowever, is not. merely liable 
to the objection that’ the supposed hydrocarbon, as. respects 
the blood,: is: quite imaginary, but was found at. variance with 
the leading facts established by Messrs. Allen. and. Pepys, 
By the'elaborate researches of these chemists it was establish- 
ed that:carbonic acid gas contains its own volume of oxygen ; 
and they also concluded that air, inhaled into the lungs, re- 
turns charged with a quantity of carbonic acid, almost ex- 
actly equal. in bulk to the oxygen which disappears, an _1m- 
ference which, as applied to man and’ some of the lower ani- 
mals, seems very near the truth. A review of.these circum- 
stances induced them to’ adopt the opinion that.the oxygen of 
the,air.combines in the lungs exclusively with carbon; and 
that ‘the watery vapour, which is. always contained in the 
breath; is an exhalation: from minute pulmonary. vessels. 
They conceived that the fine animal membrane: interposed 
between the blood and the air does not prevent. chemical ac- 
tion from taking place between them. 

This, view has ‘been further modified by Mr. Ellis, who 
supposes that the carbon is separated from the,venous blood 
‘by, a process of secretion,, and:that then, coming into, direct 
contact with oxygen, it:1s converted into carbonicatith a 
quiry, &c. Parts I. and II.) 

The circumstance which led Mr. Ellis to this opinion, was 
a:disbelief in the possibility of oxygen acting upon the. blood 
through the animal membrane in which it.is confined. ‘The 
experiments adduced in proof of the impermeability of mem- 
branous substances are not, however, quite satisfactory ; 
while, on the contrary, the facts noticed by. several, accurate 
observers appear to leave no doubt that moist animal mem- 
branes, even in the living body, are in some way or other 
permeable to:substances in’a gaseous. form.* 


* See some judicious. remarks on. this subject. in the Essay.on Respiration 
and Animal Heat, by Dr: Williams, in the Med. Chir. Trans. of Edinburgh,. 
vol. ii. 
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According to the second theory, which was supported by 
La Grange and Hassenfratz, and has lately been adopted by 
Dr. Edwards, carbonic acid generated during the course of 
the circulation, is ‘given off from the venous blood in the 
lungs, and oxygen gas is absorbed. ‘This doctrine, though 
generally regarded hitherto as less probable than the preced- 
ing, is supported by-very powerful arguments. ‘The experi- 
ments and observations of Dr. Edwards seem to. leave no 
doubt that the blood, while circulating through the, lungs, is 
capable of absorbing hydrogen, nitrogen, and oxygen gases, 
and of emitting nitrogen ; and he has gone very far» towards 
proving that the carbonic acid is derived from the same source. 
On confining frogs and snails for some time inan atmosphere 
of hydrogen, the residual air was found to contain a quantity 
of carbonic acid, which was in some instances even greater 
than the bulk of the animal; and a similar result was obtain- 
ed with young kittens. 

The confined limits of the present work do not admit of 
an examination ifto the respective advantages and disadvan- 
tages of these two theories. I shall merely observe, there- 
fore, that, in the present stage of the inquiry, the deficiency 
of precise data prevents the establishment of one of them in 
preference to the other; but that the arguments ahs ae 
ate in favour of the last. 

The conversion of venous into arterial blood appears not 
to be confined to the lungs. ‘The disengagement of carbonic 
acid from the surface of the skin, and the corresponding: dis- 
‘appearance of oxygen gas was demonstrated by the experi- 
ments of Jurine and Abernethy ; and although the accuracy 
of their results has been doubted by some persons, it has been 
confirmed by others. However this may be in the human 
‘subject, the fact with respect to many of the lower animals is 
‘unquestionable.: Spallanzani proved that some animals pos- 
‘sessed of lungs, such as serpents, lizards, and frogs, ‘produce 
the same changes on the air by means of their skin, as by 
“their proper respiratory organs; and Dr. Edwards, in a 
‘series-of masterly experiments, has shown that: this function 
compensates so fully for the want of respiration by the lungs, 
as to enable these animals, in the winter season, to live for an 
almost unlimited period under the surface a? water. : 
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The striking analogy between eby processes of combustion, 
and respiration, in both of which oxygen gas disappears, and 
an oxidized body is substituted for it, led Dr. Black to infer 
that the caloric generated in the animal system, by means of 
which the more perfect animals preserve their temperature 
above that of the surrounding medium, is derived from the 
changes going forward in the lungs. But this opinion is not. 
founded on analogy alone; many circumstances conspire ‘to 
show that the development of animal heat is dependant. on 
the function of respiration, although the mode by which the 
effect is produced has not hitherto been satisfactorily deter- 
mined,, Thus, in all, animals, whose respiratory organs are, 
small and imperfect, and which therefore ‘consume but a 
comparatively minute quantity of oxygen, and generate little 
carbonic acid, the temperature of the blood varies with that of 
the medium in which they live. In warm-blooded animals, on 
the contrary, in which the respiratory. apparatus is larger, and 
the chemical changes more complicated, the temperature is al- 
most uniform; and those have the highest. temperature whose 
lungs, in proportion to the size of their bodies, are largest, and 
which consume the greatest quantity of oxygen. The tempera- 
ture of the same animal at different times is connected with the 
state of the respiration.. When the blood circulates sluggishly, 
and the temperature is low, the quantity of oxygen consumed 
is comparatively small; but, on the contrary, a large quan- 
tity of that gas disappears when the circulation. is. brisk, and 
the, power of generating heat energetic. It has also’been ob- 
served, especially by Crawford and De Laroche, that when. an 
animal is placed in a very warm atmosphere, so as to.,require | 
little heat to be generated within his own. body, the con- © 
sumption of oxygen is unusually small, and the blood within 
the veins retains the arterial character. 

The connexion between the power of ‘generating heat and — 
respiration has been illustrated in a very pomted manner by 
Dr. Edwards. Some young animals, such as puppiesand 
kittens, require so small a quantity of oxygen for supporting 
life, that. they, may be deprived of that gas altogether for 
twenty minutes without material injury; and it is remark- 
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able that so long as they possess this property, the tempera- 
ture of their bodies sinks rapidly by free exposure to the air. 
But as they grow older they become able to maintain their 
own temperature, and at the samé time their power to endure 
the privation of oxygen ceases.’ ‘The’ same’ observation 
applies to young sparrows, ‘and other birds which are naked: 
when hatched; while young partridges, which are both fledged’ 
and able to retain their own temperature at the period of quit- 
ting the shell, die when se peal of oxygen as ni ain Me as an 
adult bird. 

The first consistent theaty of the production of emniowal 
heat was proposed by Dr. Crawford. This theory was found- 
ed on the assumption that the carbonic acid contained in the: 
breath is generated in the lungs, and that its formation is ac- 
companied with the disengagement of caloric. » But since the: 
temperature of the lungs is not higher than that of other in- 
ternal organs, and arterial very little if at all’ warmer than ve- 
nous blood, it follows that the greater part of the caloric, in- 
stead of becoming free, must in some way or other be ren- 
dered insensible. Accordingly, on comparing: the specific 
calorie of arterial and venous blood, Dr. Crawford found the 
capacity of the former to exceed that of the latter in the ratio 
of 1030 to 892. . He’therefore inferred that the dark blood 
within the veins, at the moment of being arterialized, ac. 
quires an increase of insensible calorie ; and’ that while cir- 
culating through the body, and gradually resuming the ve- 
nous character, it suffers a diminution of jot price and 
evolves a proportionate degree of heat. 

Unfortunately for the hypothesis of Crawford, one of the 
leading facts on which it is founded has been called in ques- 
tion, Dr. Davy maintaining, on the authority of his own ex- 
periments, that there is little or no difference between the ca- 
pacities of venous and arterial blood. (Philos. Trans. for 1814.) 
If this be true, the hypothesis itself necessarily falls to the 
ground, One part of the doctrine of Crawford may, how- 
ever, in a modified form, be applied to the theory of respira- 
tion advocated by Dr. Edwards. For if oxygen be absorbed 
by the blood in ‘its passage through the lungs, and carbonic 
acid, ready formed, be emitted in return, it follows that’ this 
gas must be generated during the course of the ciréulation ; ; 
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and it.may be inferred, that the heat developed in consequence 
of this: chemical change, is at once communicated ‘to the ad- 
jacent organs. In this way the question concerning the ca- 
pacity of the blood for caloric may be entirely: disregarded. 
“While some'physiologists have been’ disposed to refer the’ 
source of animal heat entirely to the alternate changes of 
venous'to arterial, and of arterial to venous ‘blood, others 
have denied its agency altogether, ascribing the evolution ‘of 
caloric solely to the influence of the nervous system. ‘The 
chief foundation for this opinion is inthe experiments‘of 
Mr» Brodie, who inflated. the’ lungs of animals recently kill- 
ed by narcotic poisons or division of the spinal marrow? 
(Phil. Trans. for 1811 and 1812.) In an animal so treated, 
the blood continued to circulate, the phenomena of dredriadl 
zation took place with regularity, oxygen gas disappeared, 
and carbonic acid was evolved; but notwithstanding the con- 
currence of all these circumstances, the temperature fell with 
equal, if not greater rapidity than in another animal killed at 
the same time, but i in which artificial respiration was not per- 
formed, ig . 
Were these experiments rigidly exact, they eoull lead. to 
the opinion that no caloric is evolved by the mere process ‘of 
arter ialization. This inference, however, cannot be admitted 
for two reasons :—first, because other physiologists, in repeat- 
ing theexperiments of Brodie, have found that the process: 
oF cooling is retarded by artificial respiration ; and, secondly, 
because it is difficult to conceive why the formation of carbo- 
mic acid, which uniformly gives rise to increase of temperature 
in other cases, should ‘not be attended within the animal 
body with a similar effect. ‘It may hence be inferred, that 
this is one of the sources of animal heat. It is certain, how- 
ever, that the heat of animals cannot be maintained by the 
sole process of arterialization. “Consistently with this fact, 
the researches of Dulong and Despretz agree in proving, in 
opposition to the results obtained by Lavoisier and Crawford, 
that a healthy animal imparts to surrounding bodies a quan 
tity of heat considerably ‘greater than can be accounted for 
by the combustion of the carbon thrown off during the same 
interval from the lungs, in the form of carbonic acid. at 
“Though the influence of the nervous system over the de- 
velopement of animal heat is no longer doubtful, physiolo- 
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gists are not agreed as.to. the mode by which it operates. Its 
action may be either direct or indirect; that is, the. nerves 
May Possess some specific power of generating heat, or they 
may excite certain operations by. which the same effect is oc- 
casioned. It is far from improbable, that the nerves act more 
by the latter than the former mode; that the infinite number 
of chemical phenomena going on in the minute arterial branches 
during) the, processes of. secretion and nutrition, processes 
which are entirely dependant.on the nervous system, are at- 
tended. with, the. disengagement of caloric: .This. view has, 
at least, been ably defended: by Dr.’ Williams in the mel to. 
which: I rbatin meee 8 referred: 


“SECTION II. 


ON THE SECRETED FLUIDS SUBSERVIENT TO DIGESTION. 


SALIVA, PANCREATIC AND GASTRIC JUICES. 


Saliva.—The saliva is a slightly viscid, liquor; secreted by 
the salivary glands,, When mixed with distilled water, a flaky 
matter subsides, which is mucus, derived apparently from the 
lining membrane of the mouth. The clear solution, when 
exposed.to the agency of galvanism, yields a coagulum, and 
is hence inferred by Mr. Brande to,contain albumen ; but the 
quantity of this principle is so very small that its presence can- 
not be demonstrated by any. other re-agent. The greater part 
of the animal matter.remaining in the liquid is peculiar to the 
saliva, and may be termed salivary matter, It is soluble in 
water, insoluble in alcohol, and, when freed from. the accom- 
panying salts, is not. precipitated by the sub-acetate of lead, 
corrosive sublimate, or, by the infusion of nut-galls. .The 
saliva likewise contains'a small quantity of animal matter, 
which is soluble. both.in alcohol and water, and which is sup- 
ti by ‘Tiedemann and. Gmelin to be osmazome., 

. The solid contents of the saliva, according to. Berzeliusy, ih 
not exceed seven in 1000 parts, the rest. being water. ; From 
the recent analysis of ‘Tiedemann and Gmelin, the chief sa- 
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line constituent is the muriate)of potassa;. but several. other 
salts, such as the sulphate, phosphate, acetate, carbonate, and 
sulpho-cyanate of potassa, are likewise present in small quan- 
tity. The saliva of the human subject, according to the same 
authority, contains very little soda.... The property which the 
saliva possesses of striking a red colour with a per-salt of iron 
is owing to the sulpho-cyanate of potassa..This acid exists 
also.in the saliva of the, sheep ; but it has not been found in 
that of the dog. . The saliva of the sheep contains so much 
epee of soda, that it. effervesces with acids, | 
The only known use of the saliva is to. form a soft pulpy 
mass with the food during mastication, -so as to reduce it in- 
to a state fit for being swallowed with facility, and for being 
more readily acted on by the juices of the stomach. 
Pancreatic juice.—This fluid is commonly supposed to be 
analogous to the saliva, but it appears from the analysis of 
Tiedemann and Gmelin that it is essentially different. The 
chief animal matters.are albumen, and a substance like curd ; 
but it also contains a small quantity of salivary. matter and 
osmazome. It reddens litmus paper, owing to the presence 
of free acid, which is supposed to.be the acetic. Its salts are 
nearly the. same as those contained in the palivays except 
that the.sulpho-cyanic acid. is wanting. re) 
«The uses of the pancreatic Juice are entirely a ase 
Gastric Juice.—The gastric juice, collected from the sto- 
mach of an animal killed while fasting, is a transparent fluid 
which has a saline taste, and has neither an acid nor alkaline 
reaction. | During the process of digestion, on the contrary, 
it is found to be distinctly acid. .Thus free muriatic acid 
was detected under these circumstances by Dr. Prout* in the 
stomach. of the rabbit, hare, horse, calf, and dog ; and he has 
discovered the same acid.in the sour matter ejected from the 
stomachs of persons labouring under indigestion, a fact which 
has since been,confirmed by Mr. Children. Messrs. Tiede- 
mann and Gmelin have observed. that the secretion of acid com-= 
-mences as-soon, as the stomach receives the stimulus of food’on 
any foreign body. . This effect. is occasioned, for example, by 
the presence of flint stones or other indigestible matters ; but. it 
_is, produced in a. still.greater degree by substances of a stimu- 


* Philosophical Transactions for 1824. 
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lating nature. According to their observation the acidity is 
owing to the secretion of free muriatic and acetic acids. 

~ The gastric juice coagulates milk, and it is generally sup- 
posed to produce this: effect quite independently of the pre- 
sence of an acid. According to the experiments of Spal- 
lanzani and Stevens it is highly antiseptic, not only pre- 
venting putrefaction, but rendering meat fresh after it is 
tainted. But of all the properties of the gastric juice, its 
solvent virtue is the most remarkable, being that on which 
depends the first stage of the process of digestion. When 
- the food is introduced into the stomach, it ‘is there intimately 
mixed with the gastric juice, by the agency of which it is dis- 
solved, and converted into a semi-fluid matter called chyme. 
‘That this change is really owing to the solvent power of the 
gastric juice fully appears from the researches of Spallanzani, 
Reaumur, and Stevens. In ‘the experiments of Dr. Stevens, 
described in his Inaugural’ Dissertation, the common. ar- 
ticles of food were enclosed in hollow silver spheres perforated 
with holes, and after remaining for some time within the sto- 
mach, completely protected from pressure ‘and trituration, 
the alimentary substances were found to: have been entirely 
dissolved. A similar effect takes place when nutritious mat+ 
ters, out of the body, are mixed with the gastric fluid, and 
the mixture is exposed to a temperature of 100° Fahr. So 
great, indeed, is the solvent power of this fluid, that it has 
been known to dissolve the coats of the stomach itself; at 
least the corrosions of this organ sometimes witnessed. in per- 
sons who have died suddenly while fasting, and in good 
health, were ascribed by the celebrated hiysie dps isa 
Hunter, to this cause. 

No department of chemical pllyaisiday is nore obscure than 
that of digestion. There appears so little connexion’ be- 
tween the properties and composition: of the gastric juice, 
that physiologists are quite at a loss in what way to account 
for its solvent power. An attempt has lately been made by 
‘Tiedemann and Gmelin to explain the phenomena on chemi- 
cal- principles. They ascribe its solvent action to the dilute 
muriatic and acetic acids, which are always secreted during 
the digestive process, and which, according to their observa- 
tion, are capable of dissolving most or all of the substances 
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employed as*feod. They have not shown, however, that the 
gastric juice in its neutral state, “or when neutralized by ‘an 
alkali, is devoid of solvent properties, a circumstance which 
requires investigation before a decisive 1 IS can be formed 
of — m oateingi me their views. . rs ofl} f 


BILE AND BILIARY CONCRETIONS, ° 


- "The ‘bile is a yellow or greenish-yellow coloured fluid, ot 
a peculiar sickening odour, ‘and of a taste at first sweet and 
then’ bitter, but exceedingly nauseous! Its consistence - is, 
variable, being sometimes limpid, but more commonly viscid 
and ropy. It is rather denser than water, and may be mixed: 
with that liquid in every proportion. It contains a minute 
quantity of free soda, and is'therefore slightly alkaline; but 
owing to the colour of the bile itself, its action on test paper 
is scarcely visible. | 
* Of the chemists who have of late years sme the. 

composition of ‘the bile; ‘Thenard, Berzelius,: and ''Tiede- 
mann and Gmelin deserve particular mention. In. an ela- 
borate essay published in’ the: Mémoires @Arcueil, vol: 1. 
Thenard endéavoured ‘to show, that the bile of the ox con- 
sists of three distinct animal principles, a: yellow colouring 
matter, ‘a species of resin, and a peculiar substance, to which, 
from’ its’ sweetish bitter taste, he has applied the name of 
- picromel. According to his analysis, 800'parts of bile con- 
sist of water 700 parts, resin 15, picromel 69, yellow matter 
about 4, soda 4, phosphate of soda 2, muriates of soda and 
potassa 3.5, sulphate of soda 0.8, phosphate of:lime and per- 
haps magnesia 1.2, and a ‘trace of the oxide of iron. He 
supposed the resin’ to be combined with the picromel and 
soda, and ascribes its solubility in water to this cause. 

‘Berzelius takes a totally different view of the constitution 
of the'bile. He denies that this fluid contains any resinous 
principle, and regards the yellow matter, resin, and picromel 
of 'Thenard, as one’ and the same substance, to which he ap- 
plies the name of Biliary matter. (Med. Chir. 'Trans. vol.in.) 
Tiedemann and Gmelin, however, in their recent work ;om 
Digestion, admit the existence of picromel’ and resin as the 
chief constituents of bile; although it appears from their ex- 
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periments that the substance described by Thenard as Picro- 
mel, was not pure, but contained a portion of resin. Accord- 
ing to the analysis of these chemists, the bile of the ox is a 
very complex fluid, consisting of the following ingredients :— 
water\to the extent of 91.5 per cent.; a volatile odoriferous 
principle ; cholesterine; resin ; asparagin ; picromel ; yel- 
low colouring matter; a peculiar azotized substance, soluble 
in water and alcohol; a substance which is soluble in ‘hot al- 
cohol, but insoluble in water, supposed to be gliadine ; osma- 
zome; a principle which emits an urinous odour when heat- 
ed; a substance analogous to albumen or caseous matter ; 
and mucus. ‘The salts of the bile are the margarate, oleate, 
acetate, cholate, bicarbonate, phosphate, sulphate, and mufri- 
ate of soda, together with a little phosphate of lime.’ The 
cholic 1s a peculiar animal acid, which crystallizes in needles, 
reddens litmus paper, and is distinguished from analogous 
compounds by having a sweet taste. 

The flaky precipitate which is occasioned by adding acids 
to bile from the ox, consists of several substances. At first the 
caseous and colouring matters, along with mucus, are thrown 
down; and, afterwards, the margaric acid, and a compound 
of picromel and resin with the acid employed, are precipitat- 
ed. When the acetate of lead is mixed with this fluid, a 
white precipitate falls, which consists of the oxide of lead 
combined with the phosphoric, sulphuric, and several other 
acids, together with a small quantity of the compound of pi- . 
cromel and resin. ‘On adding the subacetate of lead to the 
clear liquid, a copious precipitate ensues, consisting chiefly of 
picromel, resin, and the oxide of Jead. If this compound is 
suspended in water, through which a current of sulphuretted 
hydrogen gas is transmitted, the sulphuret of lead and the 
resin subside, while the picromel remains 1n solution, By 
collecting and drying” the precipitate, and digesting it in 
alcohol, the resin is dissolved, and may be obtained by eva- 
poration. The aqueous solution, when evaporated, yields the 
picromel of Thenard; but according to Tiedemann and 
Gmelin, it still contains a portion of resin. ‘The chief diffi- 
culty, indeed, of preparing pure picromel arises from its ten- 
dency to dissolve the resin; and the only mode of separating 
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them is by throwing them down repeatedly with the sub- 
acetate of lead, By this process, the affinity of the picromel 
and resin for each other is gradually lessened, uatil at wi 
the separation is rendered complete. 

Pure picromel occurs in opaque’ rounded crystalline 
particles,.is soluble’ in water and alcohol, but is insolu- 
ble in ether.. Its taste is sweet) without any bitterness ; 
but it cannot be regarded as a species of sugar, because 
a large quantity of nitrogen enters into its composition, 
Its aqueous solution is not precipitated by acids, or by the 
acetate. and sub-acetate of lead... When digested with the 
resin of the bile, a portion of the latter is dissolved, anda 
solution is obtained, which has both a bitter and sweet taste, 
and yields a precipitate with the subacetate of lead and the 
stronger acids. ‘This is the compound which causes the pe- 
culiar taste-of the bile. 

The bile of the human subject has not been studied so mi- 
nutely as that of the ox. According to Thenard it consists, 
besides. salts, of water, colouring matter, albumen, anda spe- 
cies.of resin. M. Chevallier has since detected picromel, 
and M. Chevreul cholesterine, in human bile; and both 
these discoveries have been confirmed by the observations of 
Tiedemann and Gmelin. 

. The derangement which takes place in the system when 
- secretion of bile or its passage into the intestines is ar: 
rested, is a sufficient indication of the importance of this fluid. 
It acts as a stimulus to the intestinal canal generally, and 
produces on the chyme some peculiar change, which: 1 Is es- 
sential to its conversion into chyle. , 

Bihary Calcult.—The concretions which are sometimes 
formed in the human gall-bladder have been particularly ex: 
amined by Fourcroy,.Thenard, and Chevreul. Fourcroy 
found that they consist chiefly of a peculiar fatty matter, re- 
sembling spermaceti, which he has included under the name 
of adipocire; (page 632) and the experiments of Thenard 
tended to confirm this view. According to M. Chevreul, 
however,’ biliary concretions in general are composed of the 
yellow colouring matter of the bile and cholesterine, the lat- 
ter predominating, and being sometimes in a state of purity ; 
and I have had frequent opportunities of satisfying myself 
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of the accuracy of this observation.* These substances may 
easily be separated from each other by boiling aleohol, which 
dissolves. the cholesterine and’ leaves the colouring matter ; 
or by digestion in dilute potassa;.in which the colouring mat- 
ter is dissolved, and the, cholesterine insoluble. 

Gall-stones sometimes contain,,a portion of glint 
bile; and in some rare instances the cholesterine is seal 
wanting. . . . 

The concretions found in: the gallbladder a the ox-cons. 
sist almost entirely of the peHawn hilary colouring. matter, 
which, from the beauty and permanence of. its: tint, is much 
valued by painters. . This substance is readily distinguished: 
by its yellow or brown colour, by msolubility. in water and: 
alcohol, and by being readily dissolved by a solution of po- 
tassa. The solution has at first a: yellowish-brown: colour, 
which gradually acquires a green tint, and is precipitated in 
green flocks by muriatic acid. According to the observa- 
tions of Tiedemann and Gmelim the colouring matter is in- 
fluenced by. the presence of oxygen gas. The yellowish pre- 
cipitate, occasioned by adding muriatic acid to bile; absorbs 
oxygen by exposure to the air, and its colour changes to 
green. ‘The action of nitric acid is still more remarkable: 
By successive additions of this acid, the tint of the colouring 
matter may be converted into green, blue, violet and red. in 
the course of a: few ‘seconds. | 

Erythrogen—This substance was diciaeti in 182). ad 
M. Bizio of Venice; in a peculiar fluid, quite different: from 
bile, which was found in the gall-bladder of a person who had 
died of jaundice. It is of.a green colour, transparent, taste- 
less, and of the odour of putridifish. It-is unctuoys: tothe 
touch, may be scratched or cut with facility, and has a speci- 
fic gravity of 1.57.. It doesnot affect the colour of litmus'or 
turmeric paper. - At 110° F. it fuses, having the appearance 
of oil, and crystallizes when slowly cooled; and at 122° F. it 
rises in the form of vapour. It is insoluble in water and 
ether, but.is dissolved readily by hot:alcchol; and: the solu- 
tion, hy partial evaporation and cooling, yields erystals in the 
form of rhomboidal parallelopipedons. 


* See an interesting case of gall-stone described by Dr. Craigie in the Edin.- 
burgh Medical and Surgical Journal for 1824, 
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+» When erythrogen is put into/nitric acid of the temperature 
of about 120° or 140° Fahr.. its: green tint disappears, effer- 
wescence, owing to the escape of oxygen gas, ensues, and the 
solution acquires a deep purple eolour. A similar pheno- 
menon. takes plate, with disengagement of hydrogen: gas, 
when erythrogen is digested in a solution of ammonia; and 
when volatilized in the open air, it yields a purple coloured 
vapour. _M. Bizio is of opinion that the erythrogen; under 
all these circumstances, unites with nitrogen, and) that the 
product is identical with the colouring matter of the blood. 
The production of the red compound is characteristic of ery- 
throgen, and suggested the name by which this substance’is 
designated \(Eguége., ruber.) (Journal of Science, vol. xvi.) 

» Erythrogen has not been discovered either in’ bileor in any 
of the animal fluids: rec 


SECTION III. 
CHY LE..~ MI LK.—-EGGS. 


_, Chyle.—The fluid absorbed by the lacteal. vessels, from the 
small intestines during. the. process, of digestion, 1 is known, by 
the name of chyle, “Its appearance varies in different, ani- 
mals; but as collected from the thoracic duct of a mammi- 
ferous: animal three or four, hours. after a meal, it is a white 
opaque fluid like.milk, having. a sweetish and slightly saline 
taste. . In.a few minutes after ‘removal from the duct ‘it~ be- 
comes solid, and in the course of twenty-four hours separates 
into a. firm coagulum,. and a limpid liquid, which, may~ be 
ealled the serum of the chyle. The coagulum, 1s: ah; opaque 
white substance, ofa slightly pink hue, insoluble. in: water, 
but soluble easily in the. alkalies, and. alkaline. carbonates. 
Vauquelin* regards it as fibrin man. imperfect state, or as 
intermediate between that, principle and’ albumen ;. but | Mr. 
Brandet considers it more closely allied to the,caseous matter 
of milk than to fibrin, hete | tuo od 1200 


* An. de Ch. vol. Ixxxi. _ + Philos. Trans. for 1812. 
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-'The serum of chyle is rendered ‘turbid by heat, and a few 
flakes of albumen are deposited ; but when boiled after being 
mixed with‘acetic acid, a copious ‘precipitation ensues. ‘To 
this substance, which thus differs slightly from albumen, Dr. 
Prout has applied the name of incipient albumen. The same 
chemist has made a comparative analysis of ‘the chyle of two 
dogs, one of which was fed on animal and the other on) ve- 
getable substances, and the result of: his inquiry is as fol- 
lows :—(Annals of Philos. vol. xii. p. 25.) 


Tops RB 


Water, p sloidliyd auseni, ods 93.6. 89.2 


Fibrin, {HIG y i ‘ 0.6 0.8) 
Incipient Albumen ? é , ; 4.6 4.7 
Albumen with a little red colouring matter, 0.4 4.6 
Sugar of milk ? : ‘ ; ; a trace _ 
Oily matter, . ‘ : ode atrace a trace 
Saline matters, . ‘ : t 0.8 0.7 
100.0 100.0 


Milk.—This well known fluid, secreted by the females 
of the class mammalia for the nourishment of their young, 
consists of three distinct parts, the cream, curd, and whey, 
into which by repose it spontaneously separates. ‘The cream, 
which collects upon ‘its’ surface, is an unctuous, yellowish- 
white opaque fluid; of an agreeable flavour. According to 
Berzelius, 100 parts of cream, of specific gravity 1.0244, 
consists of butter 4.5, caseous matter 3.5, and whey 92. By 
agitation, as in the process of churning, the butter assumes 
the solid form, and is thus obtained in a separate state. Dur- 
ing the operation there is an increase of temperature amount- 
ing to about three or four degrees, oxygen gas Is absorbed, 
and an acid 1s generated; but the absorption of oxygen can- 
not be an essential part of the process, since butter may be 
obtained by churning, even when the atmospheric air is en- 
tirely excluded. . ey 

After the cream has separated spontaneously, the milk 
soon becomes sour, and gradually separates ito a solid coa- 
gulum called curd, and a limpid fluid which is whey. This 
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coagulation is occasioned by free.acetic acid, and. it. may ‘be 
produced at pleasure either by adding a free a¢id,, or. by, 
means of the fluid known by the name, of rennet,’ which. is 
made by infusing the inner coat of, a,calf’s stomach, in, hot 
water. When an acid is employed, the:curd,is. found.to,con- 
tain. some. of it.in combination, and may therefore »be jre- 
garded.as an insoluble compound of an acid with the;caseous 
matter of milk; but nothing certain is known, respecting the 
mode by which the gastric fluid, the active principle of, rennet, 

produces its effect. ; 

The curd of skim milk, made by means of rennet, and ses 
parated from the whey by washing with. water,. is caseous 
matter, or the basis of cheese, in a state of purity. Ithis.a 
white, insipid, inodorous substance, insoluble. in Waterss but 
readily soluble in. the, alkalies, especially in ammonia..;; By 
alcohol it is converted, like albumen and fibrin, into an,adi- 
pocirous substance of a fetid odour; and, like the same sub- 
stances, it may be dissolved by a sufficient quantity of .acetiec 
acid. 

‘Caseous matter has considerable analogy to albumen, es: 
pecially in being coagulated by acids. It is not coagulated, 
however, by heat; although, the tendency to undergo this 
change is indicated by the film which forms upon, the sur- 
face of heated milk, an effect apparently connected with 
exposure to the air. It differs also,from albumen in the na- 
ture of the spontaneous. changes to which it is subject. When 
kept in a moist) state. it undergoes a species of fermentation 
precisely. analogous to that experienced’ by gluten under the 
same circumstances. (Page.589.) The characteristic flavour 
of cheese is ascribed by Proust to the presence of the ca- 
seate of ammonia. | Ckepasty inthe An. de iit et de hae vol. 
Xe) sa) 24 
According to the ssalisih of. Gay Evuwsnd mir ‘Thenard, 
100 parts of the caseous matter are composed. of carbon 
59.781, hydrogen. 7.429, oxygen 11.409, and. nitrogen 
21.381. It yields by incineration a white ash amounting: to 
6.5 per cent. of its weight, the greater part of which is phos- 
phate of lime, a circumstance which renders caseous matter 
an. article of food peculiarly proper for young animals., «|; 
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© Milk ‘carefully deprived ofits cream ‘has a’specific gravity 
of about 1,033 ;' and 1000 ‘parts of it, according to Berze- 
lius, are thus constituted :—-water 928.75, caseous matter with 
a trace of butter 28; sugar of milk 35; muriate and phos- 
phate of potassa 1.95; lactic (acetic) acid, acetate of potassa 
and ‘a trace of lactate of iron 6.00; and earthy phosphates 
0.30. Subtracting the caseous matter, the remaining sub- 
stances constitute whey. 

Eggs.—The composition of the recent egg and the changes 
which it undergoes during the process of incubation, have 
been ably investigated by Dr. Prout. (Phil. Trans. for 1822.) 
New-laid eggs are rather heavier than water; but they be- 
come lighter after a time, in consequence of water evaporat- 
ing through the pores of the shell, and air being substituted 
Rie it.: sian egg of ordinary size sidlae to boiling water about 
three-tenths of a grain of saline matter, consisting of the sul: 
phates, ¢ carbonates, and phosphates of lime and magnesia, to- 
gether with animal matter and a little free alkali. 

Of an egg which weighs 1000 grains, the shell constitutes 
106.9, the white 604. 2. and the yelk 288.9 grains. ‘The 
shell contains about two per cent. of animal matter, one per 
cent. of the phosphates of lime and magnesia, and the residue 
is carbonate of lime with a little carbonate of magnesia. 

When the yelk of a‘hard boiled egg-is repeatedly digested 
in alcohol of specific gravity 0.807, until that fluid comes off 
colourless, there remains a white pulverulent residuum, pos- 
sessed of many of the properties of albumen, but distinguish- 
ed from that principle by containing a large quantity of phos- 
phorus in some unknown state of combination. ‘The alco- 
holic solution is of a deep yellow colour, and on cooling depo- 
sites crystals of a sebaceous matter, and a portion of "yellow 
semi-fluid oil. On distilling off the alcohol, the oil is left ‘in 
a separate state. When the yelk is dried and burned,’ the 
phosphorus is converted into phosphoric acid, which, melting 
into a glass upon the surface of the charcoal, protects it from 
complete combustion. ‘In the white of the egg, which con- 
sists chiefly of albumen, sulphur is present. 

The obvious use of the phosphorus contained in the yelk 
is to supply phosphoric acid for forming the bones of the 
chick ; but Dr. Prout was unable to discover any source of 
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the lime with which that acid unites to form the earthy. part 
of bone. It cannot be discovered in the soft parts of the 
egg; and hitherto no vascular connexion has: been” traced 
between the chick and its shell. 


SECTION_IV. 


ON THE LIQUIDS OF SEROUS AND MUCOUS SURFACES, &e. 
AND ON PURULENT MATTER. 


Tue surface of the cellular membrane is moistened with 
a peculiar limpid transparent fluid called lymph, which is in 
very small quantity during health, but collects abundantly in 
some dropsical affections. Mr. Brande collected it from the 
thoracic duct of an animal which had been kept without food 
for twenty-four hours. Its chief constituent is water, besides 
which it contains muriate of. soda and albumen, the latter 
being in such minute quantity that it is coagulated only by 
the action of galvanism. Lymph does not affect the colour 
of test paper ; but when evaporated to dryness, the residue 
gives a green tint to the syrup of violets. 

The fluid secreted by the serous membranes in general, 
such as the pericardium, pleura, and peritoneum, is very 
similar to lymph. According to Dr. Bostock, 100 parts of 
the liquid of the pericardium consist of water 92 parts, albu- 
men 5.5, mucus 2, and muriate of soda 0.5. The serous 
fluid exhaled within the ventricles of the brain in Hydroce- 
phalus internus is composed, in 1000 parts, of water 988.3, 
albumen 1.66, muriate of potassa and soda 7.09, lactate 
(acetate) of soda and its animal matter 2.32, soda 0.28, and 
animal matter soluble only in water, with a trace of hoe 
phates 0.35. (Berzelius, in Med. Chir. Trans. vol. 

p: 252.) 

The liquor of the amnios, or the fluid contained in the mem- 
brane which surrounds the fetus in utero, differs in different 
animals, That of the human female was found by Vauquelin 
and Buniva to contain a small quantity of albumen, soda, 
muriate of soda, phosphate and carbonate of lime, and a mat- 
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ter like curd which gives it a milky appearance. That of the 
cow, according to the same authority, contains the substance 
already described under the name of amniotic acid; but se- 
veral other chemists, such as. Prout, Dulong and Labillar- 
diére, and Lassaigne, have been unable to detect it. M. 
Lassaigne states, that this acid exists in the fluid of the al- 
lantois of the cow. Dr. Prout found some sugar of milk 
in the amnios of awoman. (An. of Phil. vol. v. p. 417.) 

Humours of the Eye.—The aqueous and vitreous hu- 
mours of the eye contain rather more than 80 per cent. of 
water. ‘The other constituents are a small quantity of albu- 
men, muriate and acetate of soda, pure soda, though scarce- 
ly sufficient to affect the colour of test paper, and animal 
matter soluble only in water, but which is not gelatine. 
(Berzelius.) The crystalline lens, besides the usual salts, 
contains 36 per cent. of a peculiar animal matter, very ana- 
logous to albumen, if not identical with it. In cold water it 
is soluble, but is coagulated by boiling. The coagulum, ac- 
cording to Berzelius, has all the properties of the colouring 
matter of the blood excepting its colour. 

The tears are limpid and of a saline taste, dissolve ie 
ly i in water, and, owing to the presence of free soda, com- 
- municate a green tint to the blue infusion of violets. Their 
chief’ salts are the muriate and phosphate of soda. Accord- 
ing to Fourcroy and Vauquelin the animal matter of the 
tears is mucus; but it 1s more probably either albumen, or 
some analogous principle. Its precise nature has not how- 
ever been satisfactorily determined. 

Mucus.—The term mucus has been employed in very. dif- 
ferent significations. Dr. Bostock applies it to a peculiar 
animal matter which is soluble both in hot and cold wa- 
ter, is not precipitated by corrosive sublimate or solu- 
tion of tannin, is not capable of ferming a jelly, and 
which yields a precipitate with the sub-acetate of lead. 

The existence of this principle has not, however, been fully 
established ; for the presence of muriatic and phosphoric acids, 
the latter of which is frequently contained in animal fluids, 
and the former scarcely ever absent, sufficiently accounts for 
the precipitates occasioned in them by the salts of lead or sil- 
ver. But’even supposing the opinion of Dr. Bostock to be 
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correct, \it' would be advisable’to give some new name to his 
principle, and apply the term mucus solely to the fluid se- 
creted by mucous surfaces. 

The properties of mucus vary somewhat according to the 
source from which it is derived ; but its leading characters are 
in all cases the same, and are best exemplified in mucus from 
the nostrils. Nasal mucus, according to Berzelius, has the 
following properties. Immersed in water, it imbibes so much 
of that fluid as to become transparent, with the exception of 
a few particles which remain opaque. When dried on blot- 
ting paper, it loses its tran8parency, but again acquires it 
when moistened. ‘It is not coagulated or sontléved horny by 
being boiled in water; but as soon as the ebullition has ceas- 
ed, it collects unchanged at the bottom of the vessel. It is 
dissolved by dilute sulphuric acid. Nitric: acid at first coa- 
gulates it; but by continued digestion, the mucus at first 
softens and is finally dissolved, forming aclear yellow liquid. 
Acetic acid hardens mucus, and does not dissolve it even at 
a boiling temperature. Pure potassa at first renders it more 
viscid, but afterwards dissolves it. By tannin mucus:is coa- 
gulated, both when softened by the absorption of water, and 
when dissolved either in an acid or an alkali. 

Pus.—Purulent matter is the fluid secreted by an inflamed 
and ulcerated surface. Its properties vary according to the 
nature of the sore from which it is discharged. The pu- 
rulent matter formed by an ill-conditioned ulcer is a: thin, 
transparent, acrid, fetid ichor ; whereas a healing sore in a 
sound constitution yields a yellowish-white coloured liquid, 
of the consistence of cream, which is described as bland, 
opaque, and inodorous. This is‘ termed healthy pus, and 
is possessed of the following properties. Though it ap- 
pears homogeneous to the naked eye, when examined with 
the microscope it is found to consist of minute globules 
floating in a transparent liquid. Its specific gravity is about 
4.03. It isinsoluble in water; and is thickened, but not dissolv- 
ed by alcohol. When recent it does not affect the colour of 
test paper ; but by exposure to the air it becomesacid. The 
dilute‘acids have little effect upon it; but strong sulphurie, 
nitric, and muriatic acids dissolve it, and the - ‘pus is thrown 
down by dilution with water. Ammonia reduces it to a trans- 
parent jelly, and gradually dissolves a considerable portion af 
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it. With the fixed alkalies it forms a whitish ropy fluid, 
which is decomposed by water. 

The composition of pus has not been ascertained with pre- 
cision ; but its characteristic ingredient is more closely allied 
to albumen than to the other animal: principles, 

Several attempts have been made to discover a chemical 
test for distinguishing pus: from mucus, When these fluids 
are in their natural state, the appearance of each is so cha- 
racteristic that the distinction cannot be attended with’ any 
difficulty; but, on the contrary, when a mucous surface is 
inflamed, its secretion becomes opaque, and, as sometimes 
happens in some pulmonary diseases, acquires more or less of 
the aspect of pus. Mr. Charles Darwin, who examined this 
subject, pointed out three grounds of. distinction between 
them.. 1.. When the solution of. these liquids in sulphuric 
acid is diluted, the pus subsides. to the bottom, and the mu- 
cus remains suspended in the water... 2. When pus and ca- 
tarrhal mucus are diffused through water, the former. sinks, 
and the latter floats. 3. Pus is precipitated from its solution in 
potassa by water, while the solution of mucus is not decom- 
posed. by similar treatment. Dr. ‘Thomson, in his system of 
chemistry, has given the following. test on the authority of 
' Grassmeyer.. ‘The substance to be examined, after being tri- 
turated with its own weight of water, is mixed with an equal 
quantity of a saturated solution, of the carbonate. of. po- 
tassa.. If it contain pus, a transparent jelly forms in a few 
hours; but this: does not happen if mucus only is present. 
Dr. Young, in his work on Consumptive Diseases, has 
given a very elegant character for distinguishing pus, found- 
ed on its optical properties. But the practical utility of tests 
of any kind is rendered very questionable by the fact-that in- 
flamed mucous membranes may secrete genuine pus without 
breach of surface, and that the, natural passes into Binieat 
secretion by. insensible shades, 

Sweat. . Watery vapour is continually passing off by the 


skin in the form of insensible perspiration ; but when the ex- — 


ternal heat is considerable, or violent bodily exercise is taken; 
drops of fluid collect upon the surface, and constitute what 
is called sweat. , This fluid consists chiefly of water; but) it 
contains some muriate of soda and free acetic acid, in conse- 
quence of which it has a saline taste and an acid reaction. 


~ 
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SECTION V. 


ON THE URINE AND URINARY’ mirth ansieamabind 


Tux urine differs from most of the sdlatial fluids which have 
been described, by not serving any‘ ulterior purpose, in; the 
animal economy.’ It is merely an excretion.designed foreject- 
ing from the system substances, which by their accumulation 
within, the body would.speedily prove fatal, to health and 
life, |The sole office of the kidneys, indeed, appears to con- 
sist in separating from: the blood the superfluous matters that 
are not required or adapted for nutrition, or which have al- 
ready formed a part.of the body,: and been-removed by; ab- 
sorption. | The:substarices: which in’) particular- pass off by 
this organ are nitrogen, |in the form:of highly azotized, pro- 
duets, and various saline and éarthy’compounds. ‘This suffi- 
ciéntly accounts forthe great diversity of different substances 
contained in the urine. 

The quantity of the urine is affected by various causes, 
especially by the nature and quantity of the liquids received. 
into the stomach ; but on an average a healthy person _ voids 
between thirty and forty ounces daily. The quality of. this 
fluid is likewise influenced by the same circumstances, being 
sometimes in a very dilute state, and at others highly’ con- 
centrated. The urine voided in the morning by a person who 
has fed heartily, and taken no more fluids than. is. sufficient 
for satisfying thirst, may be regarded as aie erm eles ie 
specimen of natural healthy urine. ~ 

The urine in this state is a transparent Jimpid fluid. of 
an amber colour, having a saline taste, and while warm emit- 
ting an odour, which is‘ slightly aromatic, and not at all 
disagreeable... Its specific gravity ,in. its.most'.concentrat- 
ed‘ form; is. about ,1.030.,. It. gives’.a red. tint to litmus 
paper, a circumstance which: indicates the presence, either.of 
a free acid or of a super-salt,. Though at first quite transpar 
rent, an insoluble matter-is deposited on standing’; so, that 
urine voided at night, is found to have alight cloud floating 
in it by the following morning. This substance consists: im 
part of mucus from the, urinary, passages, and. partly, of the 
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super-urate of ammonia, which is much more soluble in warm 
than in cold water. | 

The urine is very prone to spontaneous decomposition, 
When kept for two or three days it acquires a strong urinous 
smell; and as the putrefaction proceeds, the disagreeable 
odour increases, until at length it becomes exceedingly 
offensive. As soon as these changes commence, the urine 
ceases to have an acid reaction, and the earthy phosphates are 
deposited. In a short time, a free alkali makes its appear- 
ance, and a large quantity of the carbonate of ammonia is 
gradually generated. Similar changes may be produced 
in‘ recent urine by continued boiling. In both cases the 
phenomena are owing to the decomposition of urea, which is 
almost entirely resolved into carbonate of ammonia. 

‘The composition of the urine has been studied by several 
chemists, but the most recent and elaborate analysis of this 
fluid is by Berzelius. According to the researches of this 
indefatigable chemist, 1000 parts of urine are composed of 


Water, - - - - f - - 933.00 
Urea, + * a p 5. . pS 30.10 
Uric acid, - - “ - ~ - - 1.00 
‘Free lactic acid, lactate of ammonia, and animal matter not separable 

from them, © - . - : - - 17.14 
Mucus of the bladder, - - oo - - 0.32 
Sulphate of potassa, - - - - - S7] 
Sulphate of soda, Pe ae : : : 3.16 
Phosphate of soda, © -~ - “ - - - 2.94 
Phosphate of ammonia, - - - - - 1.65 
Muriate of soda, - _ a . ~ - 445 
Muriate of ammonia, - - - - - 1.50 
Earthy matters, with a trace of fluate of lime, iis - {-00 
Siliceous earth, - - - - - - 0.03 


-» Besides the’ingredients included in the preceding list, the 
‘urine contains several other substances in small quantity. 
From the property this fluid possesses of blackening silver 
vessels in which itis evaporated, owing to the formation of 
the sulphuret of silver, Proust inferred the presence of unoxi- 
dized sulphur; and Dr. Prout, from the odour of phosphu- 
retted hydrogen, which he thinks he has perceived in putre- 
fying urine, suspects that phosphorus is likewise present. 

The urine also contains a peculiar yellow colouring matter 
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which has not hitherto been obtained in a separate state. 
From the precipitate occasioned in urine by the infusion of 
gali-nuts, the presence of gelatine has been inferred ; but this 
effect appears owing to the presence not of gelatine but of a 
small portion of albumen. | 

According to Scheele, the urine of infants sometimes con- 
tains benzoic acid, a compound which, when present, may be 
easily procured. by evaporating the urine nearly to the con- 
sistence of syrup, and adding muriatic acid. The precipitate, 
consisting of uric and benzoic acids, is digested in alcohol; 
which igseites the benzoic acid. 

Notwithstanding the high authority of Berzelius, it is very 
doubtful if any free acid be present in healthy urine. Dr. 
Prout, with every appearance of justice, maintains that the 
acidity of recent urine is occasioned by super-salts, and not 
by uncombined acid. He is of opinion that the acid reaction 
is chiefly, if not wholly, to be ascribed to the super-phosphate 
of lime and super-urate of ammonia, salts which he finds may 
co-exist in a liquid without mutual decomposition. A very _ 
strong argument, which to me indeed appears conclusive, ~ 
in favour of this view, is derived from the fact, that on add- 
ing muriatic acid to recent urine, minute crystals of uric acid 
are gradually deposited, as always happens when this acid 
subsides slowly from a state of solution ; but, on the contra- 
ry, if no free acid is added, an amorphous sediment, which 
Dr. Prout regards as the super-urate of ammonia, is obtain- 
ed. | 
Such is a general view of the composition ,of human urine 
in its natural healthy state. But this fluid 1s subject to a 
great variety of morbid conditions, which arise either from 
the deficiency or excess of certain principles which it ought 
to contain, or from the presence of others wholly foreign to 
its composition. As the study of these affections affords an 
interesting example of the application of chemistry to patho- 
logy and the practice of medicine, I shall mention briefly some 
of the most important morbid states of this fluid, referring for 
more ample details to the excellent treatise of Dr. Prout, 7 


. Inquiry into the Nature and Treatment of Gravel, Calculus, &c. 


1 
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Of the substances which, though naturally wanting, are 
sometimes ‘contained in. the urine, the. most remarkable 1s 
sugar, which is secreted by the kidneys in diabetes. (Page 623.) 
Diabetic urine has a sweet. taste, and yields a syrup by eva- 
poration, is almost always of a pale straw colour, and in ge- 
neral has a greater specific gravity than. ordinary urine. » It 
contains a remarkably small proportion of azotized sub- 
stances, so that it has no. tendency to putrefy; but the pre- 
sence of sugar renders it susceptible of undergoing the vinous 
fermentation. 

The acidifying process which is constantly. going forward 
in the kidneys, as evinced by the, formation. of sulphuric, 
phosphoric; and uric acids, sometimes. proceeds to a morbid 
extent, in consequence of which two acids, the oxalic and ni 
tric, are generated, neither of which exists in healthy urine, 
The former, by uniting with lime, gives rise to‘one of the 
worst kinds of urimary concretions; and the latter, in the 
opinion of Dr. Prout, leads to the production.of the purpu- 
rate of ammonia, by reacting on the uric acid. 

In ‘severe cases of jaundice the bile passes from the blood 
into the kidneys, and communicates a yellow colour to the 
"urine. The most delicate test of its presence is muriatic acid, 
which causes. a green tint. | ‘ . 

Though albumen is contained in very minute quantity in 
healthy urine, in some diseases it is present in large proportion, 
According to Dr. Blackall it is characteristic of certain‘ kinds 
of dropsy, accompanied with an inflammatory diathesis, as in 
that which supgrvenes on scarlet fever ; and Dr. Prout has 
described two cases of albuminous urine, in which, without 
any febrile symptoms, albumen existed in such quantity that 
spontaneous coagulation took place within the bladder. 

In certain states of the system urea is generated in an un- 
usually small proportion, This occurs especially in diabetes 
mellitus, and in acute and chronic inflammation of the liver, 
diseases in’ which, urea is said sometimes to, be wholly want- 
ing; but the experience of Dr. Prout has. led him to doubt 
if ‘it is, éver entirely absent. Dr. Henry has shown that 
urea, when mixed with a considerable proportion of sugar, 
cannot be discovered by the usual test of nitric acid; and, 
consequently, that though present in diabetic urine, it might 
easily be overlooked. The method by which he has succeed-~ 
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ed in detecting it in such. cases is by distillation, urea being — 
the only known animal principle which is converted into car- 
bonate of ammonia at: a boiling temperature. . (Med..Chir. 
‘Trans. vol. ii. p. 127.) During the hysterie paroxysm, also, 
the animal matters of the urine are deficient, while its saline 
ingredients are-secreted in unusual quantity... An excess ‘of 
urea occasionally exists. The mode by which Dr. Prout es- 
timates the’ proportion of this principle is by putting the 
urine in a watch glass, and carefully adding to it nearly an 
equal quantity of nitric acid, in such a manner that the acid 
may collect at the bottom. If spontaneous crystallization 
ensue, an excess of urea is indicated ; and the degree of ex- 
cess may be inferred approximatively by marking the time 
which elapses before the effect takes place. Undiluted 
healthy urine yields crystals only after an interval of half an 
hour ; ,but the nitrate crystallizes within that interval when 
the urea is in excess. 

An unusually abundant secretion of uric acid’ is a circum- 
stance by no means uncommon. In some instances this acid 
makes its appearance in a free state ; but happily it general- 
ly occurs in combination with an alkali, especially with soda 
or ammonia. As the urates are much more soluble in warm 

than in cold water, the urine in which they abound is quite 
clear at the moment of being voided, but deposites a copious 
sediment in cooling. The undue secretion of these salts, if 
temporary, occasions scarcely any inconvenience, and arises 
from such slight causes, that it frequently takes place without 
being noticed. ‘This affection is generally produced by er- 
rors in diet, whether as to quantity or quality, and by all 
causes which interrupt the digestive process in any of its 
stages, or render it imperfect. Dr. Prout specifies unfer- 
mented heavy bread, and hard boiled puddings or dumplings, 
as in particular disposing to the formation of the urates. 
These sediments have commonly a yellowish tint, which is 
communicated by the colouring matter of the urine ; or when 
they are deposited in fevers, forming the’ lateritious: sedi+ 
ment, they are red, in consequence of the colouring matter 
of the urine being then more abundant. In fevers of an irri- 
table nature, as: in hectic, the sediment. has a pink, colour, 
which is ascribed by Dr. Prout to the presence of the purpu- 
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rate of ammonia, and by Proust to the rosacic acid. (Page 
627.) 

So Jong as the uric acid remains in combination with a 
base, it ‘never yields a crystalline deposite; but when this 
acid is in excess and in a free state, its very sparing solubility 
causes it to separate in minute crystals, even within the 
bladder, giving rise to two of the most distressing complaints 
to which human nature is subject,—to gravel when the erys- 
tals are detached from one another, and when agglutinated 
by animal matter into concrete-masses, to the disease call- 
ed stone. These diseases may arise either from uric ‘acid 
being directly secreted by the kidneys, or, as Dr. Prout sus- 
pects, from the fermation of some other acid, by which the 
urate of ammonia is decomposed. The tendency of the urine 
to contain free acid occurs most frequently in dyspeptic per- 
sons of a gouty habit, and is familiarly known by the name 
of the uric or lithic acid diathesis. In these individuals the 
disposition to undue acidity of the urime is superadded to 
that state ofthe system which leads to an unusual supply of 
the urates. 

A deficiency of acid in the urine is not less injurious than 
its excess. As the phosphate of lime ‘in its neutral state is 
insoluble in water, this salt cannot be dissolved in the urine 
except by being in the form of a superphosphate. Hence it 
happens that healthy urine yields a precipitate, when it is neu- 
tralized by an alkali; and if, by the indiscriminate employ- 
ment of alkaline medicines, or from any other cause, the 
urine, while yet within the bladder, is rendered neutral, the 
earthy phosphates are necessarily deposited, and an opportu- 
nity afforded for the formation of a stone. 


URINARY CONCRETIONS. 


The first step towards a knowledge of urinary calculi was 
made in the year 1776 by Scheele, who showed that many of 
‘the concretions formed in the bladder consist of uric or li- 
thic acid. The subject’ was afterwards successfully investi- 
gated by Drs. Wollaston and Pearson in this country, and by 
Fourcroy and Vauquelin in France; but the honour of hav- 
ing first ascertained the composition and chemical characters 
of most of the species of urinary calculi at present known, 
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belongs to Dr. Wollaston. (Phil. Trans. for 1797.) The che- 
mists who have since materially contributed to advance our 
knowledge of this department of science, are Dr. Henry, Mr. 
Brande, Dr. Prout, and. the Jate Dr. Marcet, to whose 
«« Essay on the Chemical History and Medical Treatment of 
Calculous Disorders,” I may refer the reader who is desir- 
ous of studying this important subject. 

The most common kinds of urinary concretions may be con- 
veniently divided into six species: 1. The uric acid calculus; 
2. The bone earth calculus, principally consisting of the phos- 
phate of lime; 3. The ammoniaco-magnesian phosphate; 4, 
The fusible calculus, being a mixture of the two preceding 
species; 5. The mulberry calculus, composed. of the oxalate 
of lime ;, and, lastly, The cystic oxide calculus. (Marcet.) 

1.. The uric acid forms a hard inodorous concretion, com 
monly of an oval form, of a brownish or fawn colour, and 
smooth surface. These calculi consist of layers arranged 
concentrically around a central nucleus, the laminz being dis- 
tinguished from each other by a slight difference in colour, 
and sometimes by the interposition of some other substance. 

This species is readily distinguished by the following cha- 
racters. It is very sparingly soluble in water and muriatic 
acid. Digested in pure potassa it quickly disappears, and, on 
adding an acid to the solution, the uric acid is precipitaied. 
It is dissolved with effervescence by nitric acid, and the solus: 
tion yields the purpurate of ammonia when evaporated. Be- 
fore the blowpipe it becomes black, emits a peculiar animal 
odour, and.is gradually consumed, leaving a trace of white 
ash, which has an alkaline reaction. 

As a variety of this species, may be mentioned the urate of 
ammonia, a rare kind of calculus first noticed by Fourcroy. 
Mr. Brande and Dr. Marcet expressed a doubt of its ever 
forming an independent concretion, but its existence, as such, 
has been established by Dr. Prout. ‘The urate of ammonia 
has the same general chemical characters as the uric acid, 
from which it is distinguished by its solubility in boiling wa- 
ter, when reduced to powder, and by its solution in potassa 
being attended with the. disengagement of ammonia. It de- 
flagrates remarkably before the blowpipe. (Med. Chir. Trans. 
sah, p. 389.) 
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2. The bone earth calculus, first correctly analyzed by 
Dr. Wollaston, consists of the phosphate of lime. ‘The sur- 
face of these calculi is of a pale brown colour, and quite 
smooth as if they had been polished. When sawed through 
the middle, they are found to be larainated in a very regular 
manner, and the layers in general adhere so slightly that sei 
may be separated with ease into concentric crusts. 

This calculus, when reduced to powder, dissolves with 
facility in dilute nitric or muriatic acid, but is insoluble in 
potassa. Before the blowpipe it first assumes a black colour, 
from the decomposition of a little animal matter, and then 
becomes quite white, undergoing no further change unless 
the heat‘be very intense, when it is fused. 

3. The phosphate of ammonia and magnesia was first 
described as a constituent of urinary calculi by Dr. Wollas- 
ton. : It rarely exists quite alone, because the same state of 
the urine which leads to the formation of this species, favours 
the deposition of phosphate of lime; but it is frequently the 
prevailing ingredient. It often appears in the form of 
minute sparkling crystals, diffused over the surface or be- 
tween the interstices of other calculous lamine. | 

Calculi, in which this salt prevails, are generally white, and 
less compact than the foregoing species. When reduced to 
powder they are dissolved by cold acetic acid, and still more 
easily by the stronger acids, the salt being thrown down un- 
changed by ammonia. Digested in pure potassa it emits an 
ammoniacal odour, but it is not dissolved. Before the blow- 
pipe, a smell of ammonia is given out, it diminishes in size, 
and melts into a white pearl with oer more facility than 
the phosphate of lime. | 

4, The fusible calculus, the nature of which was first 
determined by Dr. Wollaston, is a mixture of the two* pre- 
ceding species. It 1s commonly of a white colour, and its 
fracture is usually ragged and uneven.. It is more friable than 
any of the other kinds of calcul, separates easily into layers, 
and leaves a white dust on the fingers. ‘These concretions 
are very common, and sometimes attain a large size. 

The fusible calculus 1s characterized by the facility with 
which it melts into a pearly globule, which. is sometimes quite 
transparent. When reduced to powder, and ‘put into cold 
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acetic acid, the phosphate of ammonia and magnesia is dis- 
solved, and the phosphate: of lime, almost the whole of which 
is left, dissolves «readily. in muriatic acid. ) 
5. The mulberry calculus, so named from its resemblance 
to the fruit of the mulberry,) was first proved to consist of 
the oxalate of lime by Dr. Wollaston. This concretion is 
sufficiently characterized by its dark-coloured tubereulated 
surface; but it mayialso be distinguished chemically by the 
following properties. Heated before the blowpipe, the oxa+ 
lic acid is decomposed, and pure lime remains, which gives a 
strong brown stain to moistened turmeric paper. It is inso2 
luble in the alkalies, but by digestion in carbonate of potassa 
itis decomposed, and the insoluble carbonate of lime ‘is left: 
When reduced to powder and digested in muriatic or nitric 
acids, a perfect solution is effected. It is not dissolved by the 
acetic acid, a circumstance which distinguishes it from the 
ammoniaco-magnesian phosphate; andit is distinguished from 
the phosphate of lime by being insoluble in phosphoric acid. 
6. The cystic oxide was described by its discoverer Dr. 
Wollaston in the Philosophical. Transactions for 1810. This 
concretion is not laminated, but appears as one uniform mass, 
confusedly crystallized through its whole substance, having 
somewhat the appearance of the ammoniaco-magnesian phos- 
phate, though more compact. Before the blowpipe it emits 
a peculiarly fetid smell, quite distinct from that of uric acid, 
and is consumed. It is characterized by the great variety of 
reagents in which it is soluble. It is dissolved abundantly 
by the muriatic, nitric, sulphuric, and oxalic acids; by po- 
tassa, soda, ammonia, and lime water ; and even by the neu- 
tral carbonates of soda and potassa. It is insoluble in water, 
alcohol, bi-carbonate of ammonia, and in the tartaric, citric, 
and acetic acids, | 
From the similarity which this substance bears to certain 
oxides in uniting both with acids and alkalies, Dr. Wollaston 
termed it an oxide, and gave it the name of cystic, on the 
supposition of its being peculiar to the bladder. Dr. Marcet, 
however, has found it in the kidney. 
The cystic oxide is a rare species of calculus. In’ this 
country seven specimens only have been found ;—two by Dr. 
‘Wollaston, two by Dr. Henry, and three by Dr. Marcet. Pro- 
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fessor Stromeyer has met with two instances of it in one fa- 
mily, and in one of the cases the cystic oxide was also detect- 
ed in the urine. M. Lassaigne has likewise found it in a 
stone taken from the bladder of a dog. From the analysis 
of this chemist, 100 parts of cystic oxide are composed of 
carbon 36.2, hydrogen 12.8, oxygen 17, and nitrogen 34. 

It is remarkable that the cystic oxide is never accompanied 
with the matter of any other concretion; whereas the other 
species are frequently met with in the same stone. They are 
sometimes so intimately mixed that they can be separated from 
one another only by chemical analysis, forming what is called 
a compound calculus; but more frequently the concretion 
consists of two or more different species arranged in distinct 
alternate layers. ‘This is termed the alternating calculus. — 

Besides the calculi just mentioned, three other species have 
been noticed. ‘I'wo of these were described by Dr. Marcet 
under the names of wanthic oxide and jibrinous calculus, both 
of which are exceedingly rare. The xanthic oxide is of a 
reddish or yellow colour, is soluble both in acids and alkalies, 
and its solution in nitric acid, when evaporated, assumes a 
bright lemon-yellow tint, a property to which it owes its 
-name, and by which it 1s characterized. (Favdog yellow.) The 
fibrinous calculus derives its name from fibrin, to which its 
properties are closely analogous. The third species consists 
chiefly of the carbonate of lime, and is likewise of Tare oc- 
currence. | 

From the solubility of urinary concretions in chemical 
menstrua, hopes were once entertained, that reagents might 
be introduced into the urine through the medium of the 

lood, or be at once injected into the bladder, so as to dis- 

solve urinary calculi, and thus supersede the necessity of a 
painful operation which is not void of danger. It has been 
found, however, that, for this purpose, it would be necessary 
to employ acid or alkaline solutions of greater strength than 
could safely be introduced into the bladder, and consequent- 
ly allattempts of the kind have been abandoned. . The last 
suggestion of this nature was made by Messrs. Prevost and 
Dumas, who propose to disunite the elements of calculi'’by 
means of galvanism, This agent, however, though it may 
produce this effect out of the body, will scarcely, I conceive, 
be found admissible in practice. 
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~ SECTION VI. 
ON THE SOLID PARTS OF ANIMALS. 


BORZE) HORN, MEMBRANES, TENDONS, LIGAMENTS, 
MusCLE, &e. » pig th 


“Bones consist of earthy salts and animal matter intimately 
blended, the former of which are designed for giving solidity 
and. hardness, and the latter for agglutinating the earthy 
particles: . The animal substances are chiefly cartilage, gela- 
tine, and: a peculiar fatty matter called marrow. On reduc- 
ing bones to powder, and digesting them in water, the fat 
rises and swims upon its surface, while the gelatine is. dis- 
solved. - ‘By digesting bones in dilute muriatic acid, both 
the gelatine and earthy salts are dissolved, and the pure car- 
tilage is left, which is flexible, but retains the original figure 
of the bone. .'The cartilage of bones is formed before the 
earthy matter, and constitutes the nidus in which the latter 
is deposited. In its chemical properties it is very analogous 
to coagulated albumen. 

When bones are heatéd in close vessels, a large quantity 
of the carbonate of ammonia, some fetid empyreumatic oil, 
and the usual inflammable gases pass over into the recipient ; 
while a mixture of charcoal and earthy matter, called animal 
charcoal, remains in the retort. If, on the contrary, they 
are heated to redness in an open fire, the charcoal is con- 
sumed, and a pure white friable earth is the sole residue. » 

According to the analysis of Berzelius, 100 parts of dry 
human bones consist of animal matters 33.3, phosphate of 
lime 51.04, carbonate of limé 11.30, fluate of lime 2, phos- 
phate of magnesia 1.16, and soda, muriate of soda, and water 
1.2. Mr. Hatchett found, also, a small quantity of sulphate 
of lime; and Fourcroy and Vauquelin discovered traces of 
alumina, silica, and the oxides of iron and manganese. 

Teeth are composed of the same materials as bone; but 
the enamel dissolves completely in dilute nitric acid, and 
therefore is free from cartilage. From the analysis of Mr. 

| 2x 
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Pepys, the enamel contains 78 per cent. of the phosphate, 
and 6 of the carbonate of lime, the residue being probably 
gelatine. The composition of ivory is similar to that of the 
bony matter of teeth in general. 

The shells of eggs and the covering of crustaceous animals, 
such as lobsters, crabs, and the starfish, consist of the carbo- 
nate and a little phosphate of lime, and animal matter. The 
shells of oysters, muscles, and other molluscous animals con~ 
sist almost entirely of carbonate of lime and animal matter, 
and the composition of pearl and mother of pearl is similar. 

Horn differs from bone in containing only a trace of earth. 
It consists chiefly of gelatine and a cartilaginous substance 
like coagulated albumen. ‘The composition of the nails and 
hoofs of animals is similar to that of horn; and the cuticle 
belongs to the same class of substances. 

Tendons appear to be. composed almost entirely of gelas 
tine; for-they are soluble in boiling water, and the solution 
yields an abundant jelly on cooling. ‘The composition of the 
true skin is nearly the same as that of tendons. . Membranes 
and ligaments are composed chiefly of gelatine, but they also 

‘contain some substance which is insoluble in water, and is si- 

milar to coagulated albumen. 

According to the analysis of Vauquelin, the siete in- 
gredient of hair is a peculiar animal substance, insoluble in 
water at 212° F., but which may be dissolved in that liquid 
by means of Papin’s Digester, and is soluble in a solution of 
potassa. Besides this substance, hair contains oil, sulphur, 
silica, iron, manganese, and the carbonate and phosphate of 
lime. The colour of the hair depends on that of its oil; and 
the effect of metallic solutions, such as the nitrate of silver, 
in staining the hair, is owing to the presence of sulphur. 

The composition of wool and feathers appears analogous 
to that of hair. .The quill part of the feather was found by 
Mr. Hatchett to consist of coagulated albumen. 

» Silk is covered with a peculiar varnish which is soluble: in 
vei water and in alkaline solutions, and amounts to about 
23 per.cent, of the raw material. By digestion in alcohol it 
is also deprived of a portion of wax. The remaining fibrous 
structure. has been examined in a very imperfect manner. 
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By the action of nitric acid it is Converted, uta) a a Ac i 
talline substanée of a’ bitter. taste, | 

The flesh of animals, or smuselé,, consists ‘edsentially of 
fibrin; but independently of this principle, it contains seve- 
ral othee ingredients, such as albumen, gelatine, a peculiar 
extractive matter called osmazome, fat, and salts, substances 
which are chiefly derived from the blood, vessels, and cellular 
membrane dispersed through the muscles. On macerating 
flesh, cut into small fragments, in successive portions of cold 
water, the albumen, osmazome, and salts are dissolved ; and 
on boiling the solution, the albumen is coagulated. From 
the remaiming liquid the osmazome may be procured in @ se- 
parate state by evaporating to the consistence of an extract, 
and treating it: with cold alcohol. By the action of boiling 
water, the gelatine of the muscle is dissolved, the fat melts 
and rises to the surface = the water, a oe worT res 
mains. 9 . ‘ hive bse 

The dit siaccintio odour and taste of soup ‘is owing: to 
the osmazome. ‘This substance is of a yellowish-brown ‘co- 
Jour, and is distinguished from the other’ animal ‘principles 
by solubility in water and alcohol, whether cold or at a boil- 
ing temperature, and by not forming a jelly when its solu. 
tion is concentrated by evaporation... Like gelatine and  al- 
bumen it yields a precipitate with the infusion of nut-galls..” 

The substance of the brain, nerves, and spinal marrow dif= 
fers from that of all other animal textures. The most elaborate 
analysis of cerebral matter is by Vauquelin, who found that 
100 parts of it consist of water 80, albumen 7, white fatty 
matter 4.53, red fatty matter 0.70, osmazome 1.12, phospho- 
rus 1.5, and acids, salts, and sulphur 5.15. (Annals of Phil. 
vol. i.)) The presence of albumen accounts for, the partial 
solubility of the brain in cold water, and for the solution being 
coagulated by heat, acids, alcohol, and by the metallic salts 
which coagulate other albuminous' fluids. By acting upon 
cerebral matter with boiling alcohol; the fatty principles and 
osmazome are dissolved, and the solution in coolitig deposites 
the white fatty matter in the form of erystalline plates. On 
expelling the alcohol by evaporation, and treating the residue 
with cold alcohol, the osmazome is taken up, and a fixed oil 
remains of a reddish brown colour, and an odour like that of 
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the brain itself, though much stronger. ‘These two species 
of fat differ little oH each other ; and both ge phosphoric 
acid when deflagrated with nitre. 


SECTION VIL 
ON PUTREFACTION. 


WueEn dead animal matter is exposed to air, moisture, and 
a moderate temperature, it speedily runs into putrefaction, 
during which every trace of. its original texture disappears, 
and products of a very offensive nature are generated. The 
presence of air, by affording oxygen, accelerates the change ; 
but the conditions which may be regarded as essential to it, 
are moisture and a certain temperature, causes which operate 
in the same manner as in the putrefaction of vegetable mat- 
ter. The most favourable temperature is from 60° to 80° or 
90° Fahr. Below 50° the process takes place tardily, and ‘at 
32° it is wholly arrested ;—a: fact,. which: is clearly evinced 
by the circumstance that the bodies of animals, which: have 
been buried in snow or ice, are found unchanged. after 2 long 
series of years. The necessity of a certain degree of mois- 
ture is shown by the facility with which the most perishable 
substances may be preserved when quite dry. The preser- 
vation of smoked meat is chiefly owing to this cause; and, 
for a like reason, animals buried in the dry sand of Arabia 
and Egypt have remained for years without change.. 

For reasons formerly mentioned, animal matters commonly 
undergo putrefaction more readily than. those which are de- 
rived from the vegetable kingdom ;. (page 512) but they are 
not all equally disposed to putrefy.. The acid and fatty princi- 
ples are less liable to this change than urea, fibrin, and other 
analogous substances.. The chief products to which their 
dissolution gives rise are water, ammonia, carbonic acid, and 
sulphuretted, phosphuretted, and carburetted hydrogen gases. 


Pasi 


ANALYSIS OF MIXED GASES. 679 


PART IV. 


ANALYTICAL CHEMISTRY. 


‘To enter into a detailed ‘account of experimental and ana- 
lytical chemistry, is altogether inconsistent with the design 
and limits of the present work. My sole. object in this de- 
partment is to give a few concise directions for conducting 
some of the more common analytical processes ; and in order 
to render them more generally useful, I shall give examples 
of the analysis of mixed gases, of feet tey oa of ae 
waters. | 


SECTION I. 
ANALYSIS OF MIXED GASES. | : Cut 9m) 


Analysis of air or of gascous mixtures containing oxygen. 
—Of the various processes by which oxygen gas may be: with- 
drawn from gaseous mixtures, and its quantity determined, 
none are so convenient and precise as the method by means 
of hydrogen gas. In performing this analysis, a-portion of 
atmospheric air is carefully measured in a graduated, tube; 
and mixed with a quantity of hydrogen which is rather more 
than sufficient for uniting with all the oxygen present.’ ‘The 
mixture is then introduced into a strong glass tube called. 
Volta’s Eudiometer, (fig. 14) and is inflamed by the electric 
spark, the aperture of the tube being closed by the thumb at 
the moment of detonation. The total diminution in volume, di- 
vided by three, indicates the quantity of oxygen originally, 
contained in the mixture. This operation may be performed 
in a trough either of water or mercury. (Fig. 7 and 8.) 
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Instead of electricity, spongy platinum may be employed 
for causing the union of oxygen and hydrogen gases ; and, 
while its indications are very precise, it has the advantage of 
producing the effect gradually and without detonation. ‘The 
most convenient mode of employing it with this intention is 
the following. A mixture of spongy platinum and pipe-clay, 
in the proportion of about three parts of the former to one 
of the latter, is made into a paste with water, and then rolled 
between the fingers into a globular form. In order to pre- 
serve the spongy texture of the platinum, a little muriate of 
ammonia is mixed with the paste; and when the ball has be- 
come dry, itis cautiously ignited at the flame of a spirit-lamp. 
The sal-ammoniac, escaping from all parts of the mass, gives 
it a degree of porosity which is peculiarly favourable to its 
action. The ball, thus prepared, should be protected from 
dust and be heated to redness just before being used. ‘To 
insure accuracy, the hydrogen employed should be kept over 
mercury for a few hours in contact with a platinum ball and 
a piece of caustic potash. The first deprives it of traces of 
oxygen which it commonly contains, and the second of mois- 
ture and sulphuretted hydrogen. ‘The analysis must be per- 
formed in a mercurial trough. The time required for’ com- 
pletely removing the oxygen depends on the diameter of 
the tube. If the mixture is contained in a very narrow tube, 
the diminution does not arrive at its full extent in less than 
twenty minutes or half an hour; while in a vessel of an inch 
in diameter, the effect is complete in the course a five 1 mi- 
nutes. 

Mode of eben tate the quantity of nitrogen in gaseous 
miatures—As atmospheric air, which has been deprived of 
moisture and carbonic acid, consists of oxygen and nitrogen 
only, the proportion of the latter is ‘of course known as soon 
as that of the former is determined. The only method, in- 
deed, by which chemists are enabled to estimate the quantity 
of this gas, is by withdrawing the other nd substances 
with which it is mixed. 

Mode of determining the quantity of carbonic acid in gase- 
ous mixtures.—W hen carbonic acid is the only acid gas which 
1s present, as happens 1 in atmospheric air, in the ultimate ana- 
lysis of organic compounds, and in most other analogous 're- - 
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searches, the process for determining the quantity of carbonic 
acid is exceedingly simple ; ; for it consists merely in absorb- 
ing that gas by lime water or a solution of caustic potash. 
This is easily done in the course of a few minutes in an or- 
dinary graduated tube; or it may be effected almost instan- 
taneously by agitating the gaseous mixture with the alkaline 
solution in Hope’s eudiometer. This apparatus, which is 
represented by figure 16, is formed of two parts; the bottle 
A, capable of containing about twenty drachms of fluid, and 
furnished. with a well-ground. stopper C; and of the tube B, 
of the capacity of one cubic inch, divided into 100 equal 
parts, and accurately fitted by grinding to the neck of the 
bottle. The tube, full of gas, is fixed into the bottle pre- 
viously filled with lime water, and its contents are briskly 
agitated. The stopper C is then withdrawn under ‘water, 
when a portion of liquid rushes into the tube, supplying the 
place of the gas which has disappeared ; and the process is 
afterwards repeated, as long as any absorption ensues. « ~ 

The eudiometer of Dr. Hope was originally designed for 
analyzing air or other similar mixtures, the bottle being filled 
with a solution of the hydro-sulphuret of potassa or limé, or 
some liquid capable of absorbing oxygen. To the employment 
of this apparatus it has been objected, that the absorp- 
tion is rendered slow by the partial vacuum whiel? is conti+ 
nually taking place within it, an inconvenience particularly 
felt towards the close of the process, in consequence of the 
eudiometric Itquor being diluted by the admission of water, 
To remedy this defect, Dr. Henry has substituted a bottle of 
elastic gum for that of glass, (fig. 17.) by which contrivance 
no vacuum can occur, From the improved method of ana- 
lyzing, air, however, this instrument is now rarely employed 
in eudiometry ; but it may be used with advantage for ab~ 
sorbing carbonic acid or similar gases, and is particularly 
useful for the purpose of demonstration, 

Mode of analyzing mixtures of Hydrogen and other ine 
flammable gases,—W hen. hydrogen is mixed. with nitrogen, 
air, or other similar gaseous mixtures, its quantity is easily 
ascertained, by causing it to combine with oxygen either by 
means of platinum or the electric spark. . If, instead of hy- 
drogen, any other combustible substance, such as carbonic 
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oxide, light carburetted hydrogen, or olefiant, gas, is mixed 
with nitrogen, the analysis is easily effected by adding a suffi- 
cient quantity of oxygen,.and detonating the mixture by 
electricity. |The diminution in volume indicates the quan- 
tity of hydrogen contained in the gas, and from. the carbonic 
acid, which may then be removed by an alkali, the sii 
of carbon is inferred. | 

When olefiant gas is rhs with other saflapiotiie gases, 
its quantity is easily determined by an elegant and simple 
process proposed by Dr. Henry. (Page 234.) It consists in 
mixing 100 measures, or any convenient quantity of the ga- 
seous mixture, with an equal volume of chlorine in a vessel 
covered with a piece of cloth or paper, so as to protect it from 
light; and after an interval of about ten minutes, the excess 
of chlorine is removed by lime water or potassa. The loss 
experienced by the gas to be analyzed, indicates the. exact 
quantity of olefiant gas which it had contained, 

In mixtures of hydrogen, carburetted hydrogen, and car- 
bonic oxide, the analytic process is.exceedingly difficult and 
complicated, and requires all the resources of the most refin- 
ed chemical knowledge, and all the address of an experienced 
analyst. The most recent information on this subject, will be 
found in Dr. Henry’s Essay in the Bisophenel Transac- 


tions for 1824. 


SECTION II. 
ANALYSIS OF MINERALS. 


As the very extensive nature of this department of analy- 
tical chemistry renders a selection necessary, I shall confine. 
my remarks solely to the analysis of those earthy minerals. 
with which the beginner usually commences his labours. The 
most common constituents of these compounds are silica, alu- 
mina, iron, manganese, lime, magnesia, potassa, soda, and 
the carbonic and sulphuric acids; and I shall, therefore, en- 
deavour to give short directions for ihihentenaincce quantity: 
of each of these substances. 

In attempting to separate two or more fixed principles 
from each other, the first object of the analytical chemist is 
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to bring them into a state of solution. If they are soluble in 
water, this fluid is preferred to every other menstruum ; but 
if not, an acid or any convenient solvent may be employed. 
In many instances, however, the substance to be analyzed re- 
sists the action even of the acids, and in that case the follow- 
ing method is adopted :—The compound is first crushed by 
means of a hammer ora steel mortar, and is afterwards re- 
duced to an impalpable powder in a mortar of agate; it is 
then intimately mixed with three, four, or more times its 
weight of potassa, soda, baryta, or their carbonates; and, 
lastly, the mixture is exposed in a crucible of silver or plati- 
num to a strong heat. During the operation, the alkali com- 
bines with one or more of the constituents of the mineral ; 
and, consequently, its elements being disunited, it no longer 
resists the action of the acids, 

- Analysis of Marble or Carbonate of Lime.—This analysis 
is easily made by exposing a known quantity of marble for 
about half an hour to a full white heat, by which means the 
carbonic ‘acid gas is entirely expelled, so that by the loss in 
weight the quantity of each ingredient, supposing the marble 
to have been pure, is at once determined. In order to ascer- 
tain that the whole loss is owing to the escape of. carbonic 
acid, the quality of this gas may be determined by a compa- 
rative analysis. Into asmall flask containing muriatic acid. 
diluted with twoor three parts of water, a known quantity 
of marble is gradually added, the flask being inclined to:one 
side in order to prevent the fluid from being flung out of the 
vessel during the effervescence. ‘The diminution in weight 
experienced. by the flask and its contents, indicates the quan- 
tity of carbonic acid which has been expelled. 

‘Should the carbonate suffer a greater loss in the fire than 
when decomposed by an acid, it will most probably be found 
to contain water. This may be ascertained by heating a 
piece of it to redness in a glass tube, the sides of which. will 
be bedewed with moisture, if water is present. Its quantity 
may be determined by causing the watery vapour to pass 
through a weighed tube filled with fragments of the aan 
of calerum, by which the moisture is shadeala: 

Separation of Lime and Magnesia.—The more common 
kinds of ‘carbonate of lime’ fiegnently contain traces of sili- 
eeous and aluminous earths, in consequence of which they 
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are not completely dissolved in dilute muriatic acid. A very 
frequent source of impurity is the carbonate of magnesia, 
which is often present in such quantity that it forms a pecu- 
liar compound called magnesian limestone. ‘The analysis of 
this substance, so far as respects carbonic acid, is the same as 
that of marble. ‘The separation of the two earths may be 
conveniently effected in the following manner. The solution 
of the mineral in muriatie acid is evaporated to perfect dry- 
ness in a flat dish or capsude of porcelain, and after redissolv- 
ing the residuum in a moderate quantity of distilled water, 
a solution of the oxalate of ammonia is added as long as a 
precipitate ensues, ‘The oxalate of lime is then allowed to 
subside, collected on a filter, converted into quicklime by a 
white heat, and weighed; or the oxalate may be decompos- 
ed by a red heat, the carbonate resolved into the sulphate of 
lime by sulphuric acid, and the excess of acid expelled by a 
temperature of ignition, To the filtered liquid, containing 
the magnesia, an excess of carbonate of ammonia, and then 
phosphate of soda is added, when the magnesia in the form 
of the ammoniaco-phosphate is precipitated. Of this precipi- 
tate, heated to redness, 100 parts woreees to 40 of yee 
magnesia. (Murray.) 

Earthy Sulphates.—The most akutliaal of the earthy sul- 
phates is that of lime. The analysis of this compound is 
easily effected. By boiling it for fifteen or twenty minutes 
with a solution of twice its weight of the carbonate of, soda, 
double decomposition ensues ; and the carbonate of lime, 
after being collected on a filter and washed with hot water, 
is either heated to low redness to expel the water, and: weigh- 
ed, or at once reduced to quicklime by a white heat. Of 
the dry carbonate, fifty parts correspond to twenty-eight of 
lime. The alkaline solution is acidulated with muriatic acid, 
and the sulphuric acid thrown down by the muriate of baryta. 
From the sulphate of this earth, collected and dried at a red 
heat, the quantity of acid may easily be estimated. 

The method of analyzing the sulphates of strontia and ba- 
ryta is somewhat different. As these salts are difficult of de- 
composition in the moist way, the following process is adopt- 
ed. The sulphate, in fine powder, is mixed with three times 
its weight of the carbonate of soda, and the mixture is heat- 
ed to redness in a platinum crucible for the space of half an 
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hour. The ignited mass is then digested in hot water, and 
the insoluble ‘earthy carbonate collected on a filter. The 
other parts’of the process are the same as the foregoing. 
Mode of analyzing: compounds of Silica, Alumina, and 
Tron,—Minerals, thus constituted, are decomposed by an 
alkaline carbonate, at a red heat, in the same manner as the 
sulphate of baryta. The mixture is afterwards digested in 
dilute muriatic acid, by which means all the ingredients of 
the mineral, if the decomposition is complete, are dissolved, 
The solution is next evaporated to dryness, the heat’ being 
carefully regulated towards the close of the process, in order 
to prevent any of the chloride of iron, the volatility of which 
is considerable, from being dissipated in vapour. By this 
operation, the silica, though previously held in solution by 
the acid, is entirely deprived of its solubility ; so that on di- 
gesting the dry mass in water acidulated with muriatic acid, 
the alumina and iron are taken up, and the silica is left in a 
state of purity.. The siliceous earth, after subsiding, is col- 
lected on a filter, carefully edulcorated, heated to redness, 
and weighed. : 

To the clear liquid, containing iron and alumina, a con- 
siderable excess of a solution of pure potassa is added; so 
as not only to throw down these oxides, but to dissolve the 
alumina. ‘The peroxide of iron is then collected on a filter, 
edulcorated carefully until the washings cease to have an 
alkaline reaction, and is well dried on a sand bath. Of this 
hydrated peroxide, forty-nine parts contain forty of the an- 
hydrous peroxide of iron. But the most accurate mode of 
determining its quantity is by expelling the water by a red 
heat. ‘This operation, however, should be done with care ; 
since any adhering particles of paper, or other eéoinbistible 
matter, would bring the iron into the state of black oxide, 
a change which is known to have occurred by the iron hi 
attracted by a magnet. | 

‘To procure the alumina, the midgut in which it is dissolved 
is boiled with sal-ammoniac, when the: muriatic acid unites 
with the potassa, the volatile alkali is dissipated in vapour, 
and the alumina subsides. As soon as the solution is thus 
rendered neutral, the hydrous alumina is collected on a fil- 
ter, dried by exposure to a white heat, and quickly weighed 
after removal from the fire. 
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Separation of cron and manganese.— A compound of these 
metals or their oxides may be dissolved in muriatic acid. If 
the iron is in a large proportion compared with the manga- 
nese, the following process may be adopted with advantage. 
To the cold solution, considerably diluted with water, and 
acidulated with muriatic acid, carbonate of soda is gradually 
added, and the liquid is briskly stirred with a glass rod dur- 
ing the effervescence, in order that it may become highly 
charged with carbonic acid... By neutralizing the solution in 
this manner, it at length attains a point at which the peroxide 
of iron is entirely deposited, leaving the liquid colourless; 
while the manganese, by aid of the free carbonic acid, is kept 
in solution, The iron, after subsiding, is collected on a filter, 
and its quantity determined in the usual manner. | The fil- 
tered liquid is then boiled with an excess of the carbonate of 
soda; and the precipitated carbonate of manganese is collect- 
ed, heated to low redness in an open crucible, by which it is 
converted into the brown oxide, and weighed. .'This method 
is one of some delicacy ; but in skilful hands it affords a very 
accurate result. It may also be employed for separating iron 
from magnesia and lime as well as from manganese. 

But if the proportion of iron is small. compared. with that 
of manganese, the best mode of ‘separating it is by the succi- 
nate of ammonia or soda, prepared by neutralizing a solution 
of succinic acid with either of those alkalies. ‘That this pro- 
cess should’ succeed, it 1s necessary that the iron be wholly 
in the state of peroxide, that the solution be exactly neutral; 
which may easily be insured by the cautious use of ammonia, 
and that the reddish-brown coloured succinate of iron be 
washed. with.cold water. Of this succinate, well dried at a 
temperature of 212° I’,, 90 parts correspond to 40 of the per- 
oxide. From the filtered liquid the manganese may be pre- 
cipitated at a boiling temperature by carbonate of soda, and 
its quantity determined in the way above mentioned. ‘The 
benzoate may be substituted for the succinate of 2 ammonia in 
the preceding process. | | 

It may be stated as a general hes that whenever it is in- 
tended to precipitate iron by means of the alkalies, the succi- 
nates, or benzoates, it is essential that this metal be in’ the 
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maximum of oxidation. It is easily ound | into this state 
by digestion with a little nitric acid. 

Separation of manganese from lime and ithe asia eaS the 
quantity of the former be proportionally small, it is precipitated 
as a sulphuret by the hydrosulphuret of ammonia or potassa. 
This sulphuret is then dissolved in muriatic acid, and the man- 
ganese thrown down as usual by means of an alkali. But if the 
manganese be the chief ingredient, the best method is to pre-. 
cipitate it at once, together with the two earths, by a fixed 
alkaline carbonate at a boiling temperature. ‘The precipitate, 
after being exposed to a low red heat and weighed, is put in- 
to cold water acidulated with a drop or two of nitric acid, 
when the lime and magnesia will be slowly dissolved with 
effervescence. Should a trace of the manganese be likewise 
taken up, it may easily be are down 1 by the wl ii 
ret of ammonia. 

Mode of analyzing an earthy nid containing pee 
alumina, manganese, lime, and magnesia.—The mineral, re- 
duced to a fine powder, is ignited with three or four times 
its weight of the carbonate of potassa or soda, the mass is 
taken up in dilute muriatic acid, and the silica separated in 
the way already described. ‘To the solution, thus freed: from 
silica and duly acidulated, carbonate of soda is gradually add- 
ed, so as to charge the liquid with carbonic acid, as in the 
analysis of iron and manganese. In this manner the iron and 
alumina are alone precipitated, substances which may be sepa- 
rated from each other by means of pure potassa; (Page 685.) 
The manganese, lime, and magnesia, may be determined by 
the processes already described. 

Analysis of minerals containing a fixed alkali.—When 
the object is to determine the quantity of fixed alkali, such 
as potassa or soda, it is necessary to abstain from the employ- 
ment of these reagents in the analysis itself; and the begin- 
ner will'do well to devote his attention to the alkaline ingre- 
dients only. ~ On this supposition, he will proceed in the fol- 
lowing manner. “The mineral is reduced to a very fine pow- 
der, mixed intimately with six times its weight of the artificial 
carbonate. of baryta, and exposed for an hour to a white heat. 
The ignited. mass is dissolved in. dilute muriatic acid, and the 
solution evaporated to perfect’ dryness: The soluble parts 
are taken up in hot water; an excess of the carbonate of am- 
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monia is added; and the insoluble matters, consisting of sili- 
ca, carbonate of baryta, and all the constituents of the miner: 

al, excepting the fixed alkali, are collected on a. filter,..The 
' clear solution is evaporated to dryness in a porcelain capsule, 
and the dry mass is heated to redness ina crucible of plati- 
num, in order to expel the salts of ammonia... The residue 
is the chloride of potassium or sodium. . . pad 

In this analysis, it generally happens that traces olds manga. 
nese, and sometimes of iron, escape precipitation in the first 
part of the process; and, in that case, they should be thrown 
down by the hydrosulpburet of ammonia. If neither lime 
nor magnesia is present, the alumina, iron, and manganese, 
may be separated by pure ammonia, and the baryta subse- 
quently removed by the carbonate of that alkali. By this 
method the carbonate of baryta is recovered in a pure state, 
and may be reserved for another analysis. _'The baryta may. 
also be thrown down asa sulphate by sulphuric acid, in which 
case, the soda or potassa is procured in combination with 
that acid. | 

The analysis i is attended with anna inconvenience, 
when magnesia happens to be present ;_ because,this earth. is 
not completely precipitated either by ammonia or its carbo- 
nate; and, therefore, some of it remains with the fixed. al- 
kali. The best mode with which I am acquainted for ef- 
fecting its separation, is the following. The carbonate of 
ammonia is first added, and the phosphoric acid is dropped 
into the liquid, until all the magnesia is thrown down in the 
form of the ammoniaco-magnesian phosphate. . The excess 
of phosphoric acid is afterwards removed. by the acetate. of 
lead, and that of lead by sulphuretted hydrogen. The ace- 
tate of the alkali is then brought to dryness, ignited, and by 
the addition of sulphate of ammonia is converted into a sul- 
phate. 

In the preceding account, several operations have been 
alluded to, which, from their importance, deserve more parti- 
cular mention, The process of filtering, for example, is one 
on which the success of analyses materially depends. . Fil- 
tration is effected by means of a glass funnel, (B. fig. 15.) 
into which a filter C, of nearly the same size and form, made of 
white bibulous paper, is inserted. For researches of delicacy, 
the filter, before being used, is macerated for a day or two in 
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water acidulated with nitric acid, in order to dissolve lime 
and. other substances contained in common paper, and it is 
afterwards washed with hot water till every trace of acid is 
removed. It is next dried at 212°, or any fixed temperature 
insufficient to decompose it, and then carefully weighed, the 
weight being marked upon it with a pencil. As dry pa- 
per absorbs hygrometric moisture rapidly from the atmos- 
phere, the filter, while being weighed, should be inclosed in 
a light box made for the purpose. When a precipitate is 
collected on a filter, it is washed with pure water until every 
trace of the original liquid is removed. It is subsequently 
dried and weighed as before, and the weight of the paper 
subtracted from the combined weight of the filter and preci- 
pitate. The trouble of weighing the filter may sometimes be 
dispensed with. Some substances, such as silica, alumina, 
and lime, which are not decomposed when heated with com- 
bustible matter, may be put into a crucible while yet con- 
tained in the filter, the paper being set on fire before it is 
placed in the furnace. In these instances, the ash from the 
paper, the average weight of which is determined by previous 
experiments, must be subtracted from the weight of the heated. 
mass. © | 

‘The tests commonly employed in ascertaining the acidity 
or alkalinity of liquids are litmus and turmeric paper. The 
former is made by digesting litmus, reduced to a fine powder, 
in a small quantity of water, and painting with it white paper 
which is free from alum. The turmeric paper is made in a 
similar manner; but the most convenient test of alkalinity is 
litmus paper reddened by a dilute acid. 


SECTION III. 
ANALYSIS OF MINERAL WATERS. 


Rain water collected in clear vessels in the country, or 
freshly fallen snow when melted, affords the purest kind of 
water which can be procured without having recourse to dis- 
tillation. The water obtained from these sources, however, 
is not absolutely pure, but contains a portion of carbonic 
acid and air, absorbed from the atmosphere. It is remark- 
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able that this air is very rich in oxygen. ' That procured from 
snow-water by boiling, was found by Gay-Lussac and Hum- 
boldt to contain 34,8, and that from rain water 32 per cent. 
of oxygen gas. From the powerfully solvent properties of 
water, this fai no sooner reaches the ground and percolates 
through the soil, than it dissolves some of the substances 
which it meets eieni in its passage. Under common circum- 
stances, it takes up so small a quantity of foreign matter that 
its sensible properties are not materially affected, and in this 
state it gives rise to spring, well, and river water. Some- 
times, on the contrary, it becomes so strongly impregnated 
with saline and other substances, that it acquires a peculiar 
flavour, and is thus rendered unfit for domestic uses. It is 
then known by the name of mineral waters. ae 

The composition of spring water is dependant on the nature 
of the soil through which it flows. If it has filtered through 
primitive strata, such as quartz rock, granite, and the like, it 
is in general very pure; but if it meets with limestone or 
gypsum in its passage, a portion of these salts is dissolved, 
and communicates the property called hardness, Ward wa- 
ter is characterized by decomposing soap, the lime of the for- 
mer yielding an insoluble compound with the acid of the lat- 
ter. If this defect is owing to the presence of the carbonate of 
lime, it is easily remedied by boiling, when free carbonic acid 
is expelled, and the insoluble carbonate of lime subsides. If 
sulphate of lime is present, the addition of a little carbonate 
of soda, by precipitating the lime, converts the hard into soft 
water. Besides these ingredients, the muriates of lime and 
soda are frequently cone ea in spring water. 

Spring water, in consequence of its saline impregnation, 
is frequently unfit for chemical purposes, and on these occa- 
sions distilled water is employed. Distillation may be per- 
formed on a small scale by means of a retort, (D. fig. 7.) in 
the body of which water is made to boil, while the condensed 
vapour is received in a glass flask, called a recipient, which 
is adapted to its beak or open extremity. This process is 
more conveniently conducted, however, BY means of a oes 
(Fig. 18.) 

The different kinds of mineral water may be conveniently 
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arranged for the purpose of description in the four divisions: 
of carbonate, chalybeate, sulphurous, and saline springs. 

The carbonated springs, of which those of Seltzer, Spa, 
Pyrmont, and Carlsbad are the most. celebrated, are distin- 
guished by containing a considerable quantity of free carbo- 
nic acid, owing to the escape of which they sparkle when 
poured from one. vessel. into another. They communi- 
cate a red tint to litmus paper before, but not after being 
boiled, and. the redness disappears on exposure to the air. 
Mixed with a sufficient quantity of lime water, they become 
turbid from the deposition of carbonate of lime. They fre- 
quently contain the carbonate of lime, magnesia, and iron, in 
consequence of the facility with which these salts are dissolved. 
by water charged with carbonic acid. 

_ The best mode. of determining the quantity at phere 3 
acid is by heating a portion. of the water in a flask, (fig. 9.) 
and. receiving ie carbonic acid by means of a bent fale in 
a graduated jar filled with mercury. re 
~The chalybeate waters are characterized by a strong istyaitios 
inky taste, and by striking a black colour with the infusion of 
gallnuts., The iron is sometimes combined with the muri- 
atic or sulphuric acid; but most frequently it is in the form 
of a carbonate of the protoxide, held in solution by free car- 
bonic acid. On exposure to the air, the protoxide i is oxidized, 

and the hydrated peroxide subsides, causing the ochreous des 
posite, so commonly observed in the vicinity of chalybeate 
‘springs. ’ : 

To ascertain the quantity of iron contained.in a minekal 
water, a known weight of it is, concentrated by evaporation; 
and the iron brought to the state of peroxide by means of 
nitric acid. The peroxide is then precipitated by an alkali 
and weighed; and if lime and magnesia are present, it may 
be separated from those earths by the process described in 
the last section. 

Chalybeate waters are by no means uncommon; but the 
most: noted in Britain are those of Tunbridge, Cheltenham, 
and Brighton. . The Bath water also contains a small quay 
tity of iron. 7 

The sulphurous waters, of which the springs of Aix la 


Chapelle, Harrogate, and Moffat . afford examples, contain 
9 Y 
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sulphuretted hydrogen, and are easily recognised by their 
odour, and by causing a. brown precipitate with a salt of lead 
or silver. The gas is readily expelled by boiling, and its 
quantity may be inferred by transmitting it through a solu- 
tion of the acetate of lead, and weighing the sulphuret which 
is generated. 

. Those mineral springs are called paibe which do not be- 
_ Tong to either of the preceding divisions. The salts which 
are most frequently contained in these waters, are the sul- 
phates, muriates, and carbonates of lime, magnesia, and soda. 
Potassa sometimes exists in them, and Berzelius has found 
lithia in the spring at Carlsbad. It has lately been discover- 
ed that the presence of hydriodic acid in small quantity is not 
unfrequent. As examples of saline water may be enumerat- 
ed the springs of Epsom, Cheltenham, Bath, Bristol, bercget 
Buxton, Pitcaithly, and Toeplitz. 

The first object in examining a saline spring is to delete 
mine the nature of its ingredients. Muriatic acid is detect- 
ed by the nitrate of silver, and the sulphuric acid by mu- 
riate of baryta; and if an alkaline carbonate be present, the 
precipitate occasioned by either of these tests will contain a 

carbonate of silver or baryta. The presence of lime and 


time, and the latter by carbonate of ammonia and phosphoric 
acid. Potassa is known by the action of the muriate of pla- 
tinum. (page 348.) To detect soda, the water should be 
evaporated to dryness, the deliquescent salts removed by al- 
cohol, and the matter insoluble in ‘that menstruum taken up 
by a small quantity of water, and be allowed to crystallize 
by spontaneous evaporation. ‘The salt of soda may then be 
recognised by the rich yellow colour which it communicates 
to flame. (page 351.) If the presence of hydriodic acid is 
suspected, the solution is brought to dryness, the soluble 
parts dissolved in two or three drachms of a cold solution of 
starch, and strong sulphuric acid gradually added. (page 262.) 

Having thus ascertained the nature of the saline ingredi- 
ents, their quantity may be determined by evaporating a 
pint of water to dryness, heating to low redness,.and weigh- 
ing the residue. In order to make an exact analysis, a given 
quantity of the mineral water is concentrated in an evapor- 


magnesia may be discovered, the former by the oxalate of amin" 
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ating basin as far as can be done without causing either pre- 
cipitation or crystallization, and the residual liquid is divid+ 
ed into two equal parts.» From one portion: the. sulphuric 
and carbonic acids are thrown down by the nitrate of baryta, 
and after collecting the precipitate on a filter; the muriatic 
acid is precipitated by the nitrate of silver. The mixed sul 
phate and carbonate is:exposed to a low red heat, and weigh- 
ed ; and the latter is then dissolved by dilute muriatic acid, 
and its quantity determined by weighing the sulphate. The 
chloride of silver, of which 146 parts: correspond to 87 of 
muriatic acid, is fused in a platinum spoon or crucible, in 
order to render it quite free from moisture. To the other 
half of the concentrated mineral water, oxalate of lime is add-’ 
ed for the purpose of precipitating the lime ; ‘and the mag- 
nesia i$ afterwards thrown down as the amimioniaco-phosphate, 
by means of the carbonate of ammonia and phosphoric acid. 
Having thus determined the weight of ‘each of the fixed in- 
gredients, excepting’ the soda, the loss of course gives the 
quantity of that alkali; or it may be procured in a separate 
state by the process described in the chan section. 
(Page 688.) » vs 

The individual constituents of the water beitig tio Wwiil it 
remains to determine the state in which they were originally 
combined. In.a mineral water containing sulphuric and’ 
muriatic acids, lime, and soda, it is obvious that three cases 
are possible, The'liquid may contain sulphate of lime and 
mufiate of soda, muriate of lime and sulphate of soda, or 
each acid may be distributed betweén both’ the bases. It 
was at one time supposed that the lime must be in’ combina- 
tion with sulphuric acid, because the sulphate of that earth 
is left when the water is evaporated to dryness. This, how- 
ever, by no means follows. In whatever state the lime may 
exist in the original spring, gypsum will be generated as soon 
as the concentration reaches that degree at which sulphate of 
lime cannot be held in solution. The late Dr. Murray,* 
who treated this question with much sagacity, observes that 
some mineral waters, which contain the four principles above 
mentioned, possess higher medicinal virtues than can be justly 


* Philosophical Transactions of Edinburgh, vol. vii. 
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ascribed to the presence of sulphate of lime and muriate of 
soda. He advances the opinion that alkaline bases are united 
in mineral waters with those acids with which they form the 
most soluble compounds, and that the insoluble salts obtained 
by evaporation are merely products. He therefore proposes to 
arrange the substances determined by analysis according to 
this supposition. ‘To this practice there is no objection ; but 
it is probable that each acid is rather distributed between se- 
veral bases than combined exclusively with one of them. 

Sea water may be regarded as one of the saline mineral 
waters. Its taste is. disagreeably bitter and saline, and its 
fixed. constituents amount to about three, per cent. Its spe- 
cific gravity varies from. 1. 0269. to 1.0285, and it freezes at 
about 28.5° F. . According to the analysis of. Dr. Murray, 
10,000 parts.of water from the Firth of Forth contain 220.01 
parts of common, salt, 33.16. of, sulphate of soda, 42.08 of 
muriate of magnesia, and 7.84 of muriate. of lime. Dri 
Wollaston has detected potassa in sea, water, and it likewise 
contains small quantities of the Nadethitrn and isnt 
acids. cpa 

The water of the Dead Sea has a far dercnibel eiline im- 
pregnation than sea water, containing one-fourth of its weight 
of solid matter. It has a peculiarly bitter, saline, and pun- 
gent taste, and its specific gravity,is 1.211. According to 
the analysis of Dr,,Marcet, 100 parts.of it are composed of 
muriate of magnesia 10.246, muriate of soda 10.36, muriate 
of lime 3.92, and sulphate of lime 0.054. In the river Jor 
dan, which flows into. the Dead Sea, Dr. Marcet discovered 
the same principles as.in the lake itself. een ee 
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BROMIN E.. 


Tue, ons discovery of: importance which Dil poeuirted’ im 
chemical science during the printing of this work is that of a 
new ‘substance, supposed to be simple, discovered in sea- 
water by M. Balard of Montpellier. ‘The name first. applied 
to. it by its discoverer is muride ; but it has:since been changed 
to brome, a word derived from the Greek @gayos, (g@raveolentia ) 
signifying a strong or rank odour. This appellation, for reasons 
which will soon be apparent, may in the English wanes be 
pedjeatis converted into that of bromine. 

The reader will find the original essay of M. Balard i in 
iad Annales de Chimie et de Physique for August 1826; but 
the following is an abstract of the memoir published in the 
Edinburgh Journal of Science. I may add that I have 
confirmed several of the apratien statements of M, Balard 
by my.own observation. | 

At common. temperatures heustinens is a liquid, the colour 
of which ‘is blackish-red when viewed in mass and by reflect- 
ed light, but appears hyacinth red when a thin stratum is in- 
terposed. between the light and. the observer, Its. odour, 
which somewhat resembles that of chlorine, is very disagree. 
able; and its taste powerful. It acts with energy on organic 
matters, such'as wood or cork, and corrodes the animal tex- 
ture; but if applied to the skin for a short time only, it com- 
municates a yellow stain, which is less intense than that pros 
duced by iodine, and soon. disappears. . It is highly destruc. 
tive to animals, one drop of it placed on the beak of a bird 
having proved fatal. Its specific gravity is about 3, Its 
volatility is very considerable ; for at common temperatures 
it emits red-coloured vapours, which are very similar in ap- 
pearance to those of niurous acid, and at 116.5° I. it.enters 
into ebullition. _ It retains its liquid form at the tampenaraeh 
of zero of Fahyenheit’s thermometer. 
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Bromine is a non-conductor of electricity, and undergoes 
no chemical change from the agency of the imponderables. 
It was transmitted through a red-hot glass tube, and expos- 
ed to the action of a Voltaic pile, sufficiently powerful for dis- 
uniting the elements of water, without evincing the least trace 
of decomposition. It supports combustion in a very feeble 
manner :—a lighted taper immersed in the vapour of bromine 
is soon extinguished ; but before going out, it burns a few 
seconds with a flame which is green at its base and red at its 
ce part, as in an atmosphere of chlorine. : 

‘Bromine is soluble in water,°in alcohol, and pueticularly 
in ether. It does not redden litmus paper, but bleaches it 
rapidly like chlorine ; and it likewise discharges the need co- 
lour from a solution of indigo. i 

From these points of close resemblance bhovwnsens bromine 
and chlorine, M. Balard was led to examine its relations with 
hydrogen. No chemical action takes place between the va- 
pour of bromine and hydrogen’ gas at common temperatures, 
not even by the agency of the direct solar rays ; but on intro- 
ducing a lighted candle or a piece of red-hot iron into the 
mixture, combination ensues in the vicinity of the heated 
body, though without extending to the whole mixture, and 
without explosion. ‘The union is readily’ effected by the ac- 
tion of bromine on some of the gaseous compounds of hydro- 
gen, ‘Thus on mixing the vapour of bromine with hydriodie 
acid, sulphuretted hydrogen, or phosphuretted hydrogen 
gases, decomposition follows, and a colourless gas, possessed 
of acid properties, is generated. To this gas the name of 
hydro-bromic acid is applied. ‘The hydro-bromic acid gas 
may be conveniently procured for experimental: purposes by 
a process similar to that for forming hydriodic acid. A mix- 
ture of bromine and phosphorus, slightly moistened, yields 
a large quantity of pure hydro-bromic’ acid Bas, which pa 
be collected over mercury. 

The hydro-bromic acid gas is colourless, has an aad taste, 
and a pungent odour. It irritates the glottis powerfully, so 
as to excite cough, and when mixed with moist air, yields 
white vapours, which are denser than those occasioned under 
the same circumstances by muriatic acid gas. It undergoes 
no decomposition when transmitted through a red-hot tube 
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either alone, or mixed with oxygen. Itis not affected by 
iodine; but chlorine decomposes ' it instantly, with produc- 
tion of muriatic acid gas, and deposition of bromine. It may 
be preserved without change over mercury; but potassium 
and tin decompose it with facility, the first at common tem- 
peratures, and the last by the aid of heat, writ 

. The hydro-bromic acid is very soluble in water. The 
aqueous solution may be made by treating bromine with sul- 
phuretted hydrogen dissolved in water, or still better, by 
transmitting a current of hydro-bromic acid gas through pure 
water. The liquid becomes hot during the condensation, 
acquires great density, increases in volume, and emits white 
fumes when exposed to the air. This acid solution is colour- 
less when pure, but possesses the property of dissolving a 
large quantity of bromine, and then receives the tint of that 
substance. 

Chlorine decomposes the solution of Lignsoibsedenie acid in 
an instant. Nitric acid likewise acts upon it, though less 
suddenly, occasioning the disengagement of bromine, and. 
probably the formation of water and nitrous acid. The ni- 
tro-hydro-bromic acid is analogous to aqua regia, and pos- 
sesses the property of dissolving gold. | 

The elements of sulphuric and hydro-bromic acid react on 
each other in a slight. degree ; and hence on decomposing the 
hydro-bromate of potassa by sulphuric acid, the hydro-bro- 
mic is generally mixed with a little sulphurous acid gas. 

The metallic oxides, as might be expected, do not act in 
an uniform manner on the hydro-bromic acid. The alkalies, 
earths, the oxides of iron, and the peroxides of copper and 
mercury, form compounds which may be regarded as hydro- 
bromates; whereas the oxide of silver, and the protoxide of 
lead, give rise to double decomposition, in consequence of 
which water and a metallic bromuret result. 

The composition of hydro-bromic acid gas is easily infer- 
red from the two following facts. 1. On decomposing hydro- 
bromic acid by potassium, a quantity of hydrogen remains 
precisely equal to half the volume of the gas employed ; and 
2, when hydriodic acid gas is decomposed by bromine, the 
resulting hydro-bromic acid: occupies the very same space as 
the gas which is decomposed. It is hence apparent that the 
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hydro-bromic is analogous to hydriodic and  muriatic acid 
gases ; or, in other words, that 100 measures of hydro-bromic 
acid gas contain fifty measures of the nse of bromine, 
and fifty of hydrogen. CY 

» Since bromine decomposes the h casiniodicy one shipsiined the 
hydro-bromic acid, it is obvious that bromine, in relation to 
hydrogen, is intermediate between chlorine and iodine, its 
affinity for that substance being weaker than the first, and 
stronger than the second. The affinity of bromine and oxy- 
gen for hydrogen appears nearly similar; for while oxygen 
cannot detach hydrogen from bromine, bromine does not de- 
compose watery vapour. 

‘The action of bromine on the metals presents the tina re- 
semblance to that which chlorine exerts on the same substan- 
ces. Antimony and tin take fire by contact with bromine ; and 
its union with potassium is attended with such intense disen- 
gagement of heat us to cause a vivid flash of: light, and) to 
burst the vessel in which the experiment is performed. M. 
Balard is of opinion, that the soluble metallic bromurets are 
converted, like the similar compounds of chlorine and iodine, 
into neutral hydro-bromates ; and) reciprocally, that the hy- 
‘dro-bromates are frequently converted into bromurets in pass- 
ing into the solid state. All the bromurets, are decomposed 
by chlorine with evolution of bromine; and. the hydro-bro- 
mates are not only attacked by chlorine, but, by all substan- 
ces, such as the chloric or nitric acids, which havea nirotig 
tendency to deprive other bodies of hydrogen., " 
. The bromuret of potassium, which may be obtained in cu- 
bic crystals from the hydro-bromate of potassa by radio 
tion, was found by .M. Balard to consist of 
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And hence, supposing it to contain one atom. of .each ele- 
ment, the weight of an atom of bromine will be represented 
by 9.326, that of oxygen being regarded as unity. 
Ammoniacal gas unites with its own volume of hydro-bro- 
mic acid gas, forming a white, solid, volatile salt, which is 
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soluble in water, and crystallizes in long prisms by nani 0 
tion. 
-» ‘The hydro-bromate ad baryta is very soluble in- ivabeky aul 
is also dissolved by alcohol. It forms opaque mammillated 
crystals, which have no resemblance. to ithe ene scales 
of the muriate of barytes.. | i ) 

The hydro-bromate of magnesia is. s deliquescent ind un- 
crystallizable, and, like the muriate of that es is decom- 
posed by an elevated temperature. tt 

/ On mixing a soluble hydro-bromate with the nitrate of sais 
sh and the protoxide of mercury, white precipitates are 
obtained, which are very similar to the chlorides of those 
metals, and which appear to be metallic bromurets.. By the 
action of. bromine on metallic mercury, a compound results 
which yields the peroxide of mercury when decomposed by 
alkalies, and must therefore be a bi-bromuret. It may be 
sublimed by heat, is soluble in water, alcohol, and ether, par- 
ticularly in the last, and presents a close analogy to corrosive 
sublimate.. It is distinguished from that substance, however, 
by yielding the red vapours of bromine when treated. by nie 
nitric, and still better by the sulphuric acid, | 

The bromuret of silver has the same curdy appearance as the 
vies becomes black by exposure to light, 1s soluble in am-, 
monia, and insoluble in nitric acid, which does not decompose. 
it even at.a boiling temperature. Boiling sulphuric acid, on 
the contrary, detaches some vapours of bromine. ‘The bromu- 
ret of silver is decomposed by hydrogen in a nascent state, 
and was found by M. Balard to consist of 
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. he atomic weight of bromine, estimated from these data, 
is 9.429, i i 

Bromine acts upon metallic oxides much in the same man-, 
ner as chlorine. On passing the vapour of bromine over 
potassa, soda, baryta, or lime, a vivid incandescence ensues, 
oxygen is disengaged, and a metallic bromuret. results. 
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Magnesia and zirconia are not decomposed by this treat- 
ment. 

When bromine acts on the’solution of an alkali or idtidine 
earth, considerably diluted with water, the bromuret of an 
oxide is produced, which possesses bleaching properties, and 
from which acetic acid causes the disengagement ‘of’ bromine? 
But when this substance acts upon a concentrated’ solution of 
potassa, or when solid potassa is agitated with. the ethereal 
solution of bromine, two salts are generated,’ the’ hydro-bro- 
mate and bromate of potassa; and on evaporating the 
solution, the former is obtained in cubic, and the latter’ in 
acicular crystals, The bromate of potassa is separated from 
the hydro-bromate by being very sparingly ‘soluble’ in cold 
water. The alkaline earths likewise cause the formation of 
the two acids, but a were not appear to possess that 
property. 

The Giteinsted are analogous to the chlorates and rade 
Thus the bromate of potassa is converted by heat into the 
bromuret of potassium, with disengagement of pure oxygen, 
deflagrates when thrown on burning charcoal, and forms with 
sulphur a mixture which detonates by percussion. ‘The acid 
of the bromates is decomposed by deoxidizing agents, such 
as the sulphurous acid and sulphuretted hydrogen, in the 
same manner as the acid of the iodates, The bromates 
likewise suffer decomposition from the action of acarg 
bromic and muriatic acids. 

The bromate of potassa does not precipitate the salts of 
lead ; but occasions a white precipitate with the nitrate of 
silver, and a yellowish-white with the proto-nitrate of mer- 
cury ;—characters which, if correctly observed, distinguish 
the bromate from the iodate and chlorate of potassa in a 
very satisfactory manner. . 

The bromic acid may be procured in a separate state by 
decomposing a dilute solution of the bromate of baryta with 
sulphuric acid. From the analysis of the bromate of potas- 
sa it appears to consist of one atom of bromine and five atoms 
of oxygen, and is consequently similar in constitution to the 
odie, chloric, and nitric acids. . 

Bromine unites with chlorine at common temperatures, form- 
ing a very volatile liquid ofa reddish-yellow colour, penetrat- 
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ing odour, and exceedingly disagreeable taste. . It is soluble 
in water, and dissolves in that liquid apparently without de- 
composition ; fur the solution bleaches litmus paper without 
previously reddening it, and has the characteristic odour and 
colour of the compound. By the action of alkalies it is re- 
solved. into muriatic and bromic acids. M. Balard has also 
described: compounds of bromine with iodine, phosphorus, and 
sulphur. With olefiant gas it produces an oily fluid, denser 
than water, and of a mild ethereal odour. This substance, 
when transmitted through a red-hot tube, suffers decomposi- 
tion, charcoal being deposited, and hydro-bromic: acid gas 
evolved. It is therefore, very analogous to the hydro-car- 
buret of chlorine. . 

Bromine exists in sea water in the form of hydro-bromic 
acid, combined, in the opinion of M. Balard, with magnesia. 
It is present, however, in very small quantity ; and even the 
uncrystallizable residue called bittern, left after the muriate of 
soda has been separated from sea water by evaporation, con- 
tains but little of it. On adding chlorine to this liquid, an 
orange-yellow tint appears; and on heating the solution to 
the boiling point, the red vapours of bromine are expelled, 
which may be condensed by a freezing mixture. <A better 
process for preparing bromine is to transmit a current. of 
chlorine gas through the bittern; and then to agitate a portion 
of ether with the liquid. The ether dissolves the whole of 
the bromine, from which it receives a beautiful hyacinth red 
tint, and, on standing, rises to the surface. When the ethe- 
real solution is agitated with caustic potash, its colour entire- 
ly disappears, and, on evaporation, cubic crystals of the hy- 
dro-bromate of potash are deposited. 

M. Balard has ascertained that bromine exists in marine 
plants which grow on the shores of the Mediterranean Sea, 
and has procured it in appreciable quantity from the ashes of 
the sea-weeds that furnish iodine. He has likewise detected 
its presence in the ashes of some animals, especially in those 
of the Janthina violacea, one of the testaceous mollusca, 

From the circumstance of bromine being intermediate be- 
tween chlorine and iodine in. some of its more important 
chemical relations, M. Balard at first suspected it to be some 
unknown compound of these bodies; but as, on further ex- 
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amination, he failed in obtaining the least trace of decompo- 
sition, he was induced to adopt the opinion that it is an ele- 
mentary substance. The facts which have been related are 
greatly in favour of this view. ‘l'hey have not, however, as 
yet, been confirmed by other chemists, and therefore it would 
be premature to form a decided opinion on the subject.’ I 
may observe, however, that MM. Vauquelin, Thenard, and 
Gay-Lussac, in their report to the Parisian Academy of 
Sciences, speak in the most flattering terms of the memoir of 
M. Balard, and, though they express themselves ina ‘very 
cautious manner, regard his opinion as highly probable, 
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TABLE of Chemical Equivalents, Atomic Weights, or Pro- 
portional Numbers, Hydrogen being taken as Unity. 


In preparing ‘the following tabular view of the atomic 
weights, Ishave chiefly consulted the table published by Dr. 
Thomson in his First Principles of Chemistry, and by Mr. 
Phillips in the new series, 10th volume, of the Annals of 
Philosophy. “From the full account already given of: the 
Laws of Combination and of the Atomic Theory, it will be 
superfluous to describe the uses of the table. The only ex- 
planation required on this subject, ‘relates to the ingenious 
contrivance of Dr. Wollaston, called the Scale of Chemical 
Equivalents. This useful instrument is a table of atomic 
weights, comprehending all those substances which are most 
frequently employed by chemists in the laboratory; and it 
only differs from other tabular arrangements of the same 
kind, in the numbers being attached to a sliding rule, which 
is divided according to the principle of that of Gunter. From 
the mathematical construction of the scale, it not only serves 
the same purpose as other tables of atomic weights, but in 
many instances supersedes the necessity of calculation. ‘Thus, 
by inspecting the common table of atomic weights, we learn 
that 88 parts, or one atom, of the sulphate of potassa contain 
40 parts of sulphuric acid and 48 of potassa ; but recourse 
must be had to calculation, when it is ‘wished to determine 
the quantity of acid or alkali in any other quantity of the 
salt. This knowledge, on the contrary, is obtained directly 
by means of the scale of chemical equivalents. For example, 
on pushing up the slide until 100, marked upon it, is ina 
line with the name sulphate of potassa on the fixed part of 
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the scale, the numbers opposite to the terms sulphuric acid 
and potassa, will give the precise quantity of each contained 


in 100 parts of the compound. 


In this original scale of Dr. 


Wollaston, for a particular account of which I may refer to 
the Philosophical Transactions for 1814, oxygen is taken as 
the standard of comparison; but hydrogen may be selected 
for that purpose with equal propriety. 


Acid, acetic, ‘ * 50 
c lw.* 59 
arsenic, (a. 38 iy 0. 24) 62 
arsenious, (a. 38 + um 54 
benzoic, 120 
boracie, (b. 8 ve 0. 16). 24 
c. 2 w. . ° 42 
carbonic, (c. 6 + 0.16) 22 
chloric, (chl. 36 + 0.40) 716 


chloriodic, (chl. 72 + iod.124) 196 
chloro-carbonic, (chl. 36 + 


. carb. 0.14) 

chlorocyanic (chl.36 + cyan. 
26) 62 
_ chromic, (chr. 28 + 0. 24) 52 
: citric, ° ° 58 
c. 2 w. ee ° 16 
columbic, 4% 152 
_fluoboric, le 24 + fl. Am) 34 
fluoric, . 10 
formic, 37 
fluosilicic, (fl. 10 + sil. 16) 26 
gallic? — : 62 


hydriodic, (iod. ‘124 + hyd. 1) 125 
nydrocganits (cyan. 26 ++ hyd. 

1) . 27 
hypostil phuroas, (. 16 + 0.8) 24 
hyposulphuric, (s. 32 + 0.40) 72 


iodic, (iod. 124 + 0.40) 164 
malic, . . 70 
manganeseous ? : 52 
manganesic ? . : 60 
molybdous, ‘ ‘s 64 
molyhdic, : 72 
muriatic, (chl. 36 + hyd: bx 37 
nitric, dry (nit. 1440.40) 54 


liquid (sp. gr. 1 5) 2w. 72 


nitrous (nit, 14 + 0.32) 46 
' oxalic, . ‘ 36 
c. 4 w. 72 
perchloric, (chi. 36 + 0. 56) 92 
phosphorous, (p: 12+ 0.8) 20 
phosphoric, (p. 12 + 0.16) | 28 


saccholactic, . 104 
selenic, (sel. 40 4+ 0. 16) 56 
succinic, - 50 
sulphuric, dry (: s. 16 + 0. 24) 40 
liquid, sp. gr. 1.4838, 1 w. 49 
sulphurous (s. 16 + 0.16) 32 
tartaric, ° ° 66 

c. 1 w. e e 75 

- titanic, 48 
Heche (t. 96 a 0.24) 120 

72 

Alcohol, (ole. gas 14 + aq. yap. 9) 23 
aloints anhydrous, d 262 
+c. 25 w. - -  ' 487 
Alumina, ° ° 18 
sulphate, . ° 58 
Aluminum 10 
Ammonia, (nit. 14 + hyd. 3) 17 
Antimony, 44 


chloride, (ant. 44 + chl. 34) 80 
iodide, (ant. 444+ iod. 124) 168 


oxide; (ant. 44 +. 0.8) 52 
deutoxide, ‘ 56 
peroxide, : : 60 
sulphuret, . - 60 
Arsenic, : ; 38 
sulphuret, (realgar) 54 
+sesquisulphuret Corpiment 62 


Barium, 70 


chloride, (b. 70 + chl. 36) 106 
iodide, (b. 70 + 124) 194 
oxide, (baryta) ‘ 73 
peroxide ? ‘ ° 86 
phosphuret, gssFaty 82 
sulphuret, gn . 86 
Bismuth, 42 
chloride, (b. 7 2 + chl. 36) 108 
oxide, 80. 
iodide, (b. 72 + iod. 124) 196 


_ phosphuret, (b. 72 + p.12) 84 


omned (b. 22 4 8 49) 88 
Boron, 8 
Cadmium, é . 56 


_™ C means crystallized , w, water ;.and the numeral before w, expresses the 
number of atoms of water which the crystals contain. 
_ ct 1 Proportion of arsenic, and 14 sulphur. 
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Cadmium chloride, (cad. 56+ chi. - 
36) ° . . 92 
oxide, re ° 64 
, iodide, 6 ye), os 144 
_ phosphuret, : ° 68 
sulphuret, - . ° 72 
Calcium, . 20 
chloride, (cal.. 20 ¥ chi. '36) 56 
iodide, é do 144 
oxide, (lime) eins 28 
phosphuret, . a 32 
sulphuret, - . ° 36 
Carbon, ; 6 
bisulpiraret (c. 6 + Se 32) 38 
' chloride, . ; 42 
_ perchloride, » ° 120 
' oxide, - ols F) 14 
phosphuret, »- . «6 | 18 
Cerium, . ‘ . : 50 
oxide, . . 58 
peroxide, . . 62 
Chlorine, - 36 
hydrocarburet, (cl 36 + olef. 
gas 14) 50 
oxide, (chl. 36 + Op. 8) 44 
» peroxide, . 68 
Chromium, . . ‘ 28 
_ oxide, ° “e 36. 
deutoxide, ‘ ° 44, 
Coals, 26 
chloride, (cob. 26 + chil. 36) 62 
iodide, ° . 150 
oxide, - ss ‘ 34 
peroxide, . ra oe 38 
phosphuret, : 38 
sulphuret, - ; - 42 
Columbium, ewe 14d 
Copper, - . 64 
chloride, (cop. 1 + clils 1) / 100 
bi-chloride, (c..1 + chl. 2) +» 136 
iodide, (c. 1 + iod. 1) 188 
oxide, (c. 1+01) ©. >» 72 
peroxide, (c. 1 + 0.2) 80 
phosphuret; . , . -? 16 
sulphuret, ° : 80 
. bi-sulphuret, me . 96 
Cenagen, (carb. 2 + nit. 1) 26 
Cyanuret of wegen or 1+ 
Ss. 2.) » &8 
Ether, (olef. gas. 2+ "Wilts 
vap. 1.) - We 37 
Fluorine, . on. ° ty. 2 
Glucinum, — . 18 
Glucina, . 250 % 26 
Gold, - 200 
chigmde, (g- 1 + chl. 1.) 236 
bichloride, (s- 1+ chil, 2.) 272 
iodide, (g. 1 + iod. 1.) 324 
- oxide, (g- 140.1) «©... -°208 
peroxide, (g- 14+ 0.3) . 224 
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Gold, sulphuret, e 1+ 8. 3) nam 
Hydrogen, 
arsenfaretted, (a. 1+ h. 1) $6 
carburetted, (e. 1 + h. 2) 8 
bicarburetted, (olefiant gas) 
(c. 2 +h. 2.) 5 
seleniuretted, (s. 1 -—+h. 1) 41 


sulphuretted, (iS 1l+h. ly) 17 
bisulphuretted, (s. 24h. 1) 33 
Hydruret of phosphorus, — + 13 
Bihydruret of phosphorus, 14 

. Iodine, : $ 124 
Iridium, . Vor. » 30 
Iron, .- 28° 
chloride, (I. 1+ chi. ty: 64 


perchloride, (I. 1 + chl..1}) 82 


iodide (I. 1 + iod. 1) 152 
- oxide, (I. ] + 0.1) see 36 
peroxide, (I. 1 + 0.12) 40 
sulphuret, (I. 1. + s. 1) 4h 
ey f 1+s.2) 60 
Lead, 104 
chiathie, d. 1 < chl. 1 140 
oxide, (1. 1.4 0.1) : 112 
deutoxide, (1. 1 +-'0.14) 116 
peroxide, (1. 1 + 0. a) - 120 
phosphuret, (1. 1 + p.1) 116 
sulphuret, (l. 1+s.1) . 120 
Lithium, - 10 
chloride (1. I. we ch. oe P 46 
- iodide, - wih ° 134 
' oxide; (lithia) M «ve 18 
sulphuret, “a ° 26 
Magnesium, » 12 
chloride, (m. 1 + chi 1) 48 
- oxide, vs 20 
sulphuret, % . ‘ ° 28 
Manganese, 28 
chloride, (m. 1 + chl. 1) 64. 
oxide, (m.1+4 08). +. » 36 
deutoxide, (m..1 + 0. 12) 40 
peromwide, (m. 1 ++ 0.2)... 44 
sulphuret, . ‘ 44 
Mercury, 200 
chloride, (calomel) ins 1+ 
chl. 1) "i 236 
bichloride, (corrosive subl.) 272 
- iodide, (m. t + iod.) - B24 
 biniodide, (m. 1 + iod. 2) 448 
- oxide, (m. 1 + 0.1) * 208 
peroxide, (m. 1 -+ 0.2) 216 
- sulphuret, e » « RIG: 
bisulphuret, . “ 232 
Molybdenum, ° 48 
oxide, (m. 1 + 0. 1) é 56 
deutoxide, (m. 1 + 0.2) 64 
Molybdic acid, (m. 1 +.0.3) 72 
Nickel, (Lassaigne) 40 
chloride, (n; 1 + chil. i) 76 
iodide, . “ 164 
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Nickel, oxide, (n. I 


+ 0.1) 
peroxide, (n. 1 + 0 .2) ai? 


_ phosphuret, wih, 
sulphuret, . 
Nitrogen, . 
bicarburet, (cyanogen) 
chloride, (n. 1+ chl. 4) 
iodide, (n. 1+ iod. 3). 
. oxide, (n. 1 + 0.1) 
deutoxide, 2 . 
Oxygen, . . . 
Palladium, 7 ; 
oxide, P » 
Phosphorus, 
chloride, (p. | * ch 1) 
bichloride,. © 
carburet, . : . 
sulphuret, * : . 
Platinum, 
chloride, (p. 1 + ‘chi. 1) 


bichloride, wal 


oxide, . ° Rabe 

deutoxide, - . Pie 

sulphuret, . . 

bisulphuret, .) 
Potassium, 

chloride, (p- L + chl. ) 

iodide, ib, 

oxide, (potassa) 

peroxide, (p. 1+ 03) 

. phosphuret, 
_ | sulphuret, . 
Rhodium, : 

oxide, . 

peroxide, = 6+) . 
Selenium, poe J 
Silica, ba pit Ke a ' 
Silicium, ‘ . 
Silver, 

chloride, (s. 1 + chl. ms) 

' jodide, . 
oxide, (s. 1 4 0.1) 
phosphuret, . 
sulphuret, : 

Sodium, ° PGE 
chloride, (s 1 "a chi, 1) 
iodide, 
oxide, (soda) 
peroxide, (s. 1 + 0. 1) 
phosphuret, . 
sulphuret, . ’ 
Strontium, 8 ° 
chloride, . 
iodide, : ‘ 
oxide, (strontia) FE 
phosphuret, : 
sulphuret, | ‘ : 
Sulphur, ‘ 
escent (ss 1 + ‘chil. 1) 


APPENDIX. 


Sulphur, iodide, (s. 1. + iod. 1) 140) 
phosphuret, 28 
Sulphuretted hydrogen, . 17 


Bisulphuretted hydrogen, . 33 
Tellurium, (Berzelius) i $4 
’ chloride" * "4 -' 68 

_ oxide, tale - 40: 
Tin, ao 3 OR aa 58 
chloride, (t- 1 + chl. 1) 94 
bichloride, i 130 
oxide, Ag A 66 
deutoxide, . . 74 
phosphuret, . 10 
sulphuret, . 74 
bisulphuret, . : 90 
Titanium, pote (Le 32 
oxide,. A : 40 
Titanic acid, . . é 48 
Tungsten, 96 


oxide, (brown); (t. 1 + 0.2). 112 
Tungstic acid, (t 1+ 0.3) 120 


- Uranium, . é } 208: 
oxide, x “ 216 
peroxide, . . 224 

Water, vie ° . 9 

Yttrium, ‘ . 34 

Oxide, (Yttria) 4 ’ 42: 

Zinc, . . . 34 

chloride, . . . 70 

' oxide, ; ; 42> 

phosphuret, : -) 46 

: sulphuret, ‘ 4 50 

Zirconium, sy ¥ eas 40 

Zirconia, « 3 48 

. SaLtTs. 

Acetate of pari (Ac. 1 + Al. L. . 
c. 1 w. 

ammonia (Ae. 1+ Am. 1.) 67 

c. Tw. ‘ 130 

Baryta, (Ac. i + B. 1.) 128 

c. 3 w. : 155 

cadmium, (¢. 2 w.) 132 


copper pen eae; (Ac. 1+ C 
Ly" ° 130 


c. 6 w. com. verdigris, 184 
' binacetate, ~ > 180 
e. 3-w. distilled verdigris, 207. 


_ subacetate, sages 14+ C.2.) 210 


lead, | . 162. 
c.3 w. . 189 
lime, - 4 78 
_ magnesia, 70 
mercury, (protoxide) & 4 w. 294 
potassa, : - 98 
silver, . . 168 
strontia, c. 1 we . 111 
zine, - > a! 92 
CG TW. . ’ / 155 
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. Arseniate of ‘ane (A. 1 i 1. 1.) eS 
lime, 


magnesia, ‘ ° 32 
potassa, é 110 
Binarseniate of potassa, c. lw. 181 
Arseniate of soda, ° ° 94 
Binarseniate of soda, c. 5 w: 201 
Arseniate of strontia, aa 
. _, Silver, . 180 
Arsenite of lime, (A. 1+ L. 1} ‘82 
potassa, . sys 102 
Arsenite of soda, adits 86 
silver, 172 
Carbonate of ammonia (C. 1 +A. 

Hy : ; 39 
Sesquicarbonate of ainmonia, / 

_ (C. 18 + Ad. + we 1.) 59 
Bicarbonate of do. 1 w. : 70 
Carbonate of baryta, 100 

copper, ° - 102 
iron, (protoxide) - 58 
ead, s i 134 
lime, ° é 50 
magnesia, —_—_ 42 
manganese 58 
potassa, 5 70 
Bicarbonate of potassa, 92 
c. | w. ‘ ‘ 10] 
Carbonate of soda, 64 
c 10 w. . tle 144 
Bicarbonate of soda, c. 1 w. 85 
6 eon of strortia, ., 74 
64 
Ghlorate of baryta, (Ch. 1 fi B. 1) 154. 
lead, 4 . 188 
mercury; bt T bile 284 
potassa, . ‘ 124 
Chromate of baryta,. 130 
lead, ‘ 164 
mercury, 260 
potassa, (Chr. 1 e P. Ly 100 
Bichromate of potassa, 152 
Fluate of baryta,, - 5 + 88 
lead, aS ° 122 
lime, 38 
Muriate ‘of sramoni, (M. 1+A. . 
15) : . 4 
baryta, c. 1 vi Sh 124 
lime, c. 6 w: ‘ 119 
magnesia, - . 57 
strontia, ¢. 8 w- ‘ 161 
Nitrate of ammonia, (N. 1 a 1) 71 
baryta, R 132 
bismuth,e. 3w. 161 
lead, . . 166 
lime, 82 
magnesia, 74 


mercury protoxide, c. 2 w. 280 
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potassa, 102 
silver, 172 
soda, 86 
strontia, 106 
Oxalate of ammonia, (Ox. ‘1 ‘J A. 
1 . 53 
c. 2 w. 71 
baryta, . . 114 
Binoxalate of baryta, » 1» £40 
' Oxalate of cobalt, a ee 
lime, ery + 64 
Nickel, oe 84 
potassa, 84 
c. lw. “PF WATE 93 
Binoxalate of potassa, ~ 120 
c. 2 w. ; ¢ 138 
Quadroxalate of potassa, 192 
C0 We - ‘ P 255 
Oxalate of strontia, “88 
Binoxalate of strontia, 124 
Phosphate of ammonia, c. 2 w. 63 
baryta, : 106 
lead, i 140 
lime, Ae b 56 
magnesia, cy yg War || 
soda, ag. i 6G 
c. 12 w. “ 168 
Sulphate of alumina, . 58 
Y‘ammonia,c- lw. ... 66 
baryta, 118 


Sulphate of copper, (S. 1+ perox. 1)120 
Bisulphate of do. 160 


c. 10 w. (blue vitriol) 250 
Sulphate of iron, (protoxide) _ 16 
c. '7 w. (green vitriol) 139 
lead, : : 152 
lime, ? : 68 

c. 2w. A ae mae 
lithia,c. lw. . ro a 
magnesia, Ak i a 123 


mercury, (S. 1 + perox: 1) 258 
Bisulphate of nee Keefe) 296 


. potassa, F ‘88 
Bisulphate. of potassa, Ce aw. 146 
Sulphate of soda, .-°..- 42 
c. 10 w. : - | 162) 
strontia, ei ’ 92. 
' zinc, . ADS 82 
C. 7. we ° ; ° 145 
Sulphate of alumina and ROIs, 268) 
. c. 25 wv. (alum) rs 487: . 
Nitrate of lead (T. 1 + L. 2 178 
lime, : «Of 
potassa, . ee 88 
Bitartrate of potassa, 34 180, 
c. 2 w. (cream of tartar) 198 


Tartrate of antimony and potassa, af 
c. 3 w. (tartar emetic,) —-. 863 


2% 
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Table II. 


TABLE of the Elastic Force of Aqueous, Vapour at different 
Temperatures, expressed in inches of Mercury. 


Force of Vapour. Force of Vapour. 


mr pee Pie S28 De Leal hal 
oP. Dalton. | Ure. Temp, |Dalton. Ure. — 


100° F| 1.86 {1.860 . 


101 1.92 
1102 1.98 |. 
103 2.04 

104 2.1) 

105 2.18 |2.100 
106 2.25 

107 2.32 

108 Z.39 

109 2.46 . 
110 2.53 12.456 
111 2.60 

112 2.68 

113 2.76 

114 2.84 

HLS 2.92 |2.820 
116 3.00 

117 3.08 

118 3.16 


1.170 {119 B25 , 
120 3.33 {3.300 


121 3.42) 
122 3,50 
123 3.59 


1.360 {1124 | 3.69 
125 | 8.79 |3.830 


126 | 3.89 
127 | 4.00 
128 | 4.11 


1.640 1129 4.22 
130 4.34 14.866 


131 4.47 
, ‘ 132 4.60. 
0.616 |0.630 ; 133 
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Table II. Continued. 


Force of Vapour. 
a ‘Dalton. } Ure. 


ae 


134°F | 4.86 
135 | 5.00’ 15.070 176 
136 | 5.14 


137... | 5.29 

138 5 Ade 

139 5.59 al 

140 5.74 15.770 

141. | 5.90 | 

142 6.05 

143 6.21 

144 6.37 

145 6.53 16.600 

146 6.70 

147 6.87 

148 7.05 

149 7.23 

150 7.42 17.530 |p 

151 7.61 

152 7.81 

153 8.01 
154 8.20 
155 8.40 18.500 |) . 
156 8.60 

157 8.81 

158 9.02 

159 9.24 

160 9.46 {9.600 

161 9.68 

162 9.91 

163. }10.15 

164 10.41 26.13 125.900 
165 {10.68 |10.800/206 26.66 

166 = {10.96 27.20 

167 =‘ {11.25 27.74 

168 11.54 28.29 

169 {11.83 28.84 (28.880 


170 = |12.13 }12.050/211 29.41 
171 12.43 30.00 |30.000° 


172 12.73 30.60 
L173 13.02 31.21 
{174 13.32 31.83 
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Table II. Continued.. 


Force of Vapour. \Force of Vapour. Force of Vapour. 


Temp Dalton. | Ure.” taper Dalton.} Ure. — a Dalton.| Ure. 


257° F.164.82. |69.800 |280° F./88.75. |101.900/303° F 1115.32 |147.70 
258 165.78 281 [89.87 |104.400]304 {116.50 

259 ~=«|66.75 282 |90.99 |" 305 — 117.68 |150.560 
260 |67.73. 172.800 283 |92.11. |107.700/306 —_|118.86|154.400 
261. \68.72 284 193.23 307 
262 69.72 |75.900 |285 (94.35. |112.200/308 
263 — |70.73.. 286. |95.48 309 
264 {71.74 |77.900 287 (96.64 |114.800)310 
265 172.76 |78.040 288 97.80 311 
266 173.77 289 (98.96 |118.200|312 
267  |74.79 181.900 }290 100.12 |120.150)313 
268 75.80. 291 {101.28 314 
269 ~=176.82 |84.900 292 {102.45 1123.100)315 
270 177.85 |86.300 293 |103.63 316 
271 {78.89 |88.000 |294 |104.80/126.700|1317 
272 179.94 295. |105.97 |130.4.00]318 
273  |80.98 |91.200 \296 |107.14 319 
274 {82.01 297 |108.31|133.900/320 
275  |83.13 (93.480 1298 '109.48|13'7.400/321 
276 |84.35 299 110.604 ’ 1322 
277 ~=185.4'7 |9'7.800 300 . |111.81|139.'700)323 
278  |86.50 301 {112.98 324 
279. {87-63 |101.600/302 [114.15 |144.300/325 
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Table IIT. 


Dr. Ure’s Table, showing the Elastic Force of the Vapours 
of Alcohol, Ether, Oil of Turpentine, and Petroleum or 
Naphtha at Different Temperatures, expressed in Inches 


of Mercury. 


Ether. Petroleum. 


Alcohol sp. gr. 0.813.}|Alcohol sp. gr. 0.813. 


Force of 


Force of 
Vapour. 


- Vapour. 


Force of 
Vapour. 


Temp. Temp. Temp. | Force of 


V apour. 


34° 32° | 0.40] 193.3° 46.60] 316° | 30.00 
AA 4.0 0.56 | 196.3] 50.10|| 320 | 31.70 
54 45 0.70 200 | 53:00] 325 | 34.00 
64 50 0.86 || 206 | 60.10] 330 |°36.40 
Th 88 1.00] 210 | 65.00} 335 | 38.90 
84 60 1.23} 214 | 69.30] 340 | 41.60 
Q4 65 1.49} 216 | 72.20] 345 | 44.10 
104 70 1.76 || 220 | 78.501 350 | 46.86 
105 75 2.10] 225 | 87.50] 355 | 50.20 
100 80 2.45 || 230 | 94.10] 360 | 53.30 
115 85 2.93 || 232 | 97.10] 365 | 56.90 
120 90 | 3.40] 236 |103.60|| 370 | 60.70 
125 95 3.90] 238 {106.90} 372 | 61.90 
130 100 4.50] 240 {111.241 375 | 64.00 
135. 105 5207244 1 18.20 7-4 
140 110 6.00 OAT 122.10 Oil of Turpentine. | 
145 115 | 7-10] 248 |126.10}) | | rorce ot | 
150 120 8-10) 249.7 |131.40 P+ | Vapour. 
155 125 9.25 || 250 {132.30 
160 130 | 10.60] 252 {138.60 || 304° | 30.00 
165 135 | 12-15]) 254.3 |143.70 || 307-6] 32.60 
170° 140 | 13-90] 258.6|151.60 |} 310 | 33.50 
175 145 | 15.95] 260 1155.20] 315 | 35.20 
180 150 | 18-00] 262 [161.40] 320 | 37.06 
185 155 | 20-30] 264 {166.10} 322 | 37.80 
190 160 | 22.60 326 | 40.20 
195 165 | 25.40 330 | 42.10 
200 170 | 28.30 336 | 45.00 
205 173. | 30.00 340 | 47.30 
210 178.3| 33-50 343 | 49.40 
180 | 34-73 347 | 51.70] 
182.3| 36.40 350 | 53.80} 
185.3| 39-90 354 | 56.60 
190 | 43-20 357 | 58.70 


360 | 60.80 
362 | 62.40 
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Table IV. 


Dr. Ure's Table of the quantity of Oil of Vitriol, of sp. gr. 1.8485, 
and of Anhydrous Acid, in 100 parts of dilute Sulphuric Acid, 
at different densities. 


Liquid.} Sp. Gr..| Dry. 


Liquid.| Sp. Gr. | Dry. || Liquid..| Sp. Gr. |. Dry. 


81.54 | 66 11.5503] 53.82 $2 | 1.2334 26.09 
80.72 | 65 |1.5390| 53.00 || 31. |1.2260|25.28 
79.90 | 64 |1.5280] 52.18 || 30 |1.2184|24.46 
79.09 | 63 |1.5170| 51.37 || 29 11.2108 |23.65 
78.28 | 62 |1.5066| 50.55 || 28 |1.2032|22.83 
77.46 | 61 |1.4960| 49.74 | 27 |1.1956|22.01 
76.65. 60. |1.4860| 48.92 | 26 |1.18'76|21.20 
75.83 59 11.4760} 48.11 25. |1.1792 |20.38 
75.02 58 |1.4660| 47.29 24 11.1706|19.57 
74.20 | 5&7. |1.4560| 46.48 23 |1.1626|18.75 
73.39 | 56 |1.4460) 45.66 | 22 |1.1549]1'7.94 
72.57 | 55. |1.4360| 44.85 2). |1.1480|1'7.12 
71.75 54. 11.4265] 44.03 20 |1.1410|16.31 
70.94 |} 53. |1.4170] 43.22 | 19° |1.1330|15.49 
70.12 | 52. |1.4073| 42.40 18 |1.1246|14.68 
69.31 51. 11.3977) 41.58 17 11.1165 113.86 
68.49. | 50. .|1.3884| 40.77 16 |1.1090/13.05 
67.68 || 49 |1.3788| 39.95 15. |1.1019|12.23 
66.86 | 48 11.3697] 39.14 14 |1.0953}11.41 
66.05 | 47 11.3612) 38.32 13 | 1.0887 |10.60 


65.23. ||. 46. .}1.3530' 37.51 12 |1.0809| 9.78 

64.42. 45>-| 1.3440} 36.69 | 11 11.0743] 8.97 

63.60 |). 44] 1.38345} 35.88 10° }1.0682| 8.15 

62.78.) 43, }1.3255} 35.06 Q |1.0614| '7.34 

61.97 | 42 11.3165} 34.25 8 11.0544) 6.52 

61.15.) 41. |1.8080} 33.43 7 11.0477) 5.71 

60.34 ]| 40 |1.2999} 32.61 6 |1.0405] 4 89 

59.52 || 8 1.2913} 31.80 5 11.0336] 4.08 

58.71 88 |1.2826} 30.98 4 11.0268] 3.26 

1.57.89 | 37 11.2740} 30.47 3 11.0206] 2.44.6 
57.08 || 36 |1.2654) 29.35 2 11.0140] 1.63 

1.56.26 |} 35 |1.2572}-28.54 | 1 |1.0074| 0.8154 
55.45 1.2490] 2'7.72 


54.63 1.2409} 26.91 
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Table V.. 


Dr. Ure’s Table of the quantity of Real or Anhydrous Nitric 
Acid in 100 parts of Liquid Acid, ut different densities. 


Real acid 


§ ecific * Real acid Real acid F 
tas. elegy ray inary Graney. We Agnaey Gramty. Sa 
1.5000 | 79.700 1.4189 |59.775 | 1.2947 
1.4980 | 78.903 | 1.4147 | 58.978 || 1.2887 
1.4960 | 78.106 ||1.4107 | 58.181 || 1.2826 
1.4940 | 77.309 || 1.4065 | 57.384 || 1.2765 
1.4910. | 76.512 || 1.4023. | 56.587 || 1.2705 
1.4880 | 75.715 || 1.3973 | 55.790 || 1.2644 
1.4850 | 74.918 || 1.3948 | 54.993 || 1.2583 
1.4820 |,.74.121 | 1.3882 | 54.196. || 1.2528 
1.4790 | 73.324 || 1.3833 | 53.399: |} 1.2462 } 
1.4760 |.72.527 || 1.3783 |'52.602 || 1.2402 
1.4730 1.3732 |51.805 |) 1.2341 
1.4700 'b.3681 | 51.068 || 1.9277 
1.4670 1.3630 | 50.211 || 1.2212 
1.4640 1.3579 | 49.414 |] 1.2148 
1.4600 1.3529 |.48.617 | 1.2084 
1.4570 1.3477 | 47.820 || 1.2019 
1.4530 1.3427 | 47.023 || 1.1958 
1.4500 1.3376 | 46.226 | 1.1895 
1.4460 1.3323 | 45.429 || 1.1833 
1.4424 1.3270 | 44.632. || 1.1770 
1.4385 1.3216 | 43.835 || 1.1709 
1.4346 1.3163 | 43.038 || 1.1648 
1.4306 1:3110 | 42:241 | 1.1587 
1.4269 1.3056 | 41.444 |) 1.1526 
1.4228 1.3001 | 40.647 1.1465 


Table VI. 


Tables showing the Specific Gravity of Liquids, at the Tempera- 
ture of 55° Fahr. corresponding to the degrees of Baumé’s Hy- 
drometer. 

For Liquids lighter than Water. 


Deg. Sp. Gr.\Deg. Sp. Gr./Deg. Sp. Gr.|Deg. Sp, Gr.|Deg. Sp. Gr. 
10=1.000| 17=.949 | 23=.909 | 29==.874 | 35=.842 
11 _.990| 18 .942 | 24 .903 | 30 .867 | 36° .837 
12.985) 19. .935.|.25 .897 | 31 .861 | 37 .832 
13.977, 20 .928 | 26 .892 | 32 .856 | 38 .827. 
14... .970| 21 .922 | 27 .886 | 33 .852 | 39 .822 
1528396822" .915 a 880 34 .847 | 40 > 817 
16.955) — / Ns 

For Liquids heavier than Water. . 

Deg. Sp. Gr. Deg. Sp. Gr.|Deg. Sp. Gr.|Deg. Sp. Gr.|Deg. Sp. 6 Gr. ; 

O=1.000| 151.114) 301.261) 451.455) 60=1.717 
3 1.020) 18 1.140) 33 1.295] 48 1.500) 63 1.779 
6. 1.040} 21 1.170) 36 1.333) 51° 1.547) 66 1.848 
Q 1.064) 24 1.200) 39 1.373) 54 1.594) 69. 1.920 
12 1,089] 27 1.230, 42 1.414) 57 1.659} 72. 2.000 


DESCRIPTION OF THE PLATES. 


Page 

Fig. 1. Differential thermometer, “ - - 27 
2. Cryophorus of Dr. Wollaston, - “ * 59 

3. Tube for condensing gases, - 61 


4. Voltaic pile, in which the letters Z sit C represent the zine and» 
copper plates, the intervening spacés consisting of moistened 


‘cloth, - - - - 17 
5. Galvanic battery, %7 
6. Safety lamp. B represents the body of the lamp, and C the cage. 

of wire gauze with which the flame is surrounded, - 279 


7. & reptesents the hydro-pneumatic trough nearly filled With water. 
B is the shelf of the trough for supporting the jaz C, which is 
full of water, and inverted in that liquid. D is a plain retort, 
the beak or open extremity of which, E, dips under the surface 

_ of the water, and terminates under the shelf As the gas issues 
_ from the retort, it passes through a funnel-shaped aperture pur- 
posely made in the shelf, and is collected in the inverted jar. 

F is an argand lamp, and G a stand with rings, the one for sup- 

porting, and the other for applying heat to the retort. 

. Mercurial trough, made of mahogany, marble, or cast iron., A is’ 
the body of the trough, B B the hollow or reservoir for contain- 
ing the mercury, and C the shelf for es rem inverted glass: 
vessels filled with mercury. 

9. A common digesting flask. 

10. A bottle with two necks for generating hydrogen, carbonic acid,. 
or other gases which do not require heat for their production. 
By the tube B the dilute acid may be introduced into the bottle 
during an experiment without the necessity of withdrawing the 
cork, and readmitting the air. ‘The gas, as it forms, passes 
along the bent tube C ; and it may be collected by placing the 
open extremity of the tube under the water of the hydro-pneu- 

Matic trough. The same apparatus is very convenient for trans-" 
mitting gases through liquids. 

If heat is necessary'to the production of the gas, the plain retort, 
fig. 7, may be employed ; or the tube C, fig. 10, may be fixed 
by means of a cork into the digesting flask, fig. 9. If a liquid 

‘ is to be added during the course of the operation, the tubulated 
retort, fig. 13, should be used, to the aperture A of which the 
bent tube B, fig. 10, may. be adapted. 

11. Woulfe’s apparatus, intended for transmitting gases through. li- 
quids. The gas’ generated in the bottle A, or by either of the 
modes above described, is transmitted through. the solutions 
contained in B and C, or through any number of bottles simi- 
larly disposed; and if, any portion of the gas is not absorbed, it 
may be collected by means of the tube D. 

12. Welter’s safety tube, for connecting the bottles of Woulfe’s appa- 
-gatus. “By means of this contrivance, gas is allowed to escape: 
‘should the pressure within the apparatus be too great ; or air is 
admitted into the vessels showld any sudden condensation ensue. 
The bulb A should be half filled with water or mercury. 

13. A tubulated retort.—See fig. 10. 

14, Volta’s eudiometer, for exploding gaseous mixtures with the elec-: 
tric reir BB are epduriyg, wires fixed into the strong glass. 


ie 2) 


tube Ay ~ 679 
15. Aisa glass j jar fae wiles precipitations. Bis.a funnel ; and C 

a filter made with bibulous paper, 688 
16. Hope’s eudiometer. B is the graduated ‘tube, A the bottle for | oxi 

containing the eudiometric fluid, and'C the stopper, —- 681 
17. Modification of Hope’s eudiometer: ny is’ the ‘graduated tube, 

and A a bottle of elastic gum, _. 681 


18. A still. A is the boiler; B the bendix or capitals C the reftiger- 

od. to be filled with cold water for condensing the vapour ; 

e worm im which the vapour is condensed ; and E jits 
extremity, at which the distilled fluid escapes. 
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GENERAL INDEX. 


A 
Acetates, 520 
Acetous fermentation, 601 
Acidifying principles, 462 
Acids, definition of, 462 
nomenclature of, 96 
Acids, Acetic and acetous 
518 
' vegetable, 517 
animal, 624 
amniotic, 628 
antimonic and anti- 
monious, 409 
arsenic, 398 
arsenious, 394 
auric, 444 
benzoic, 535 
boletic, 540 
boracic, 229 
bromic, 700 
butyric, capric, 
proic, 631 
camphoric, 539 
carbonic, 204 
caseic, 589 
chloric, 246 
chloriodic, 265 
chloro-cyanic, 310 
chloro-carbonic, 253 
cholesteric, 633 
chromic, 402 
citric, 532 
columbic, 406 
cyanic, 307 
ellagic, 537 
erythric, 627 
ferro-cyanic, 313 
ferruretted chyazic, 
314 
fluoboric, 269 
fluo-chromic, 402 
fluoric, 266 
fluo-silicic, 373 
formic, 628 
fulminic, 309 
gallic, 537 
hircic, 631 © 
hydriodiec, 259 
hydro-bromic, 696 
hydro-chloric, 238 
hydro-cyanic, 304 
hydro-fluoric, 268 
hydro-selenic, 297 
hydro-xanthic, 318 
~hypo-nitrous, 190 


ca- 


Acids, hypo-phosphorous, Acids, sulphuric, 216 
227 


hypo-sulphuric, 221 
hypo-sulphurous, 
220 


igasuric, 540 
iodic, 263 
iodous, 264 
kinic, 541 
lactic, 628 
lampic, 568 
lithic, 624 
malic, 534 


manganesic, and man- 


ganeseous, 378 
margaric, 630 & 554 
meconic, 541 
imellitic, 540 
molybdie and molyb- 

dous, 404 
mhoroxylic, 540 
mucic, 540 

muriatic, 238 
nitric, 194 
nitro-muriatic, 243 
nitrous, 191 
oleic, 631, & 554 
oxalic, 523 
éxymuriatic, 233 
perchloric, 247 
phocenic, 631. 
phosphatic, 227 
phosphoric, 224 
phosphorous, 226 
prussic, 304 
purpuric, 626 
pyro-citric, 533 
pyroligneous, 518 
pyromalic, 505 
pyromucic, 540 
pyro-tartaric, 528 — 
pyro-uric, 626° 
rheumic, 540 
rosacic, 627 
saccholactic, 540 
sebacic, 631 
selenic, 232 _ 
silicic, 371 - 
silico-fluoric, 373 
sorbic, 540 
‘stearic, 631 
suberic, 541 
succinic, 538 
sulpho-naphthalic, 

290 


Ls 


ce 


sulphurous, 213 
sulphuretted chyazic 
315 


sulpho-cyanic, 315 
sulpho-vinic, 566 
tartaric, 528 
titanic, 422 
tungstic, 404 
uric, 624 
wymic, 541 
Adipocire, 632 
Aeriform bodies, 3 
Affinity, chemical, 99 
table of, 101 
of aggregation, 3 _ 
elective simple, 100 
elective double,.103 
disposing, 165 
quiescent and divel- 
lent, 104. 
by what causes modi- 
fied, 107 
measure of, 115 
Air, atmospheric, 174 
Alabaster, 471 
Albumen, 617 
vegetable, 592 
incipient, 658 
Alcohol, 561 
Algaroth, powder of, 408 
Alkali, volatile, 272 
Alkalies, definition of, 462 
native vegetable, 542 
decomposition of, by 
galvanism, 85 
Alloys, 457 
Alum, 472 
Alumina, 365 
Aluminum and its oxide, 
365 
Amalgams, 450 
Amaigam, ammoniacal, 
173 
Amber, and its acid, 558 
Ambergris, and ambreine, 
633 / 
Ammonia, 272 
solution of, 274 
character of the salts 
of, 273 
Ammoniuret of "copper, 
474 
Amnios, liquor of, 661 
Amidine, 576 
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Analysis defined, 5 
Analysis, proximate and 
ultimate of organic 
substances, 514 
of minerals, 682 
of gases, 679 
of mineral waters, 689 
Animal chemistry, 614 
proximate principles, 
614 
substances, 
of, 516 
oils and fats, 629 
heat, 647 
fluids, 650° 
Antimony, regulus of, 
crude antimony, 
LOT 
oxides of, 408 
chlorides of, 409 
sulphurets of, 410 
golden sulphuret of, 
4141 
glass, crocus, and li-« 
ver of, 411 
alloys of, 457 
tartarized, 531 
Anthracite, 573 
Apparatus for generating 
gases, fig. 7 and 10 
Woulfe’s, fig: 11 
Aqua regia, 243 
Arbor Diane, 440 
Saturni, 430 
Archil, 585 
Argentine flowers of anti- 
mony, 409 
Arrow root, 579 
Arseniates, 487 
Arsenical solution of, 
488 
Arsenic, 393 
compounds of oxygen, 
394 
tests of, in mixed 
fluids, 395 
alloys of, 457 
chloride of, 399° 
sulphurets of, 400 
Arsenites, 487 
Asparagin, 592 
Asphaltum, 571 
Atmospheric air, 174 
analysis of, 679 
Atomic theory, Dalton’s 
view of, 128 
Berzelius’s view of, 
141 
Atomic weights, table of, 
703 
nature of, 130 


analysis 


a 


INDEX, 


Atropia, 551 
Attraction, chemical, 


cohesive, 3 
terrestrial or gravity, 
2 


Aurum, musivum, 393 
Azotic gas. See nitrogen. 


B 
Balloons, 157 
Balsams, 558 
Barilla, 495 
Barium, 354 
oxides of, 3 55. 
chloride and sulphu- 
ret of, 356 
Barley, malting of, 607 
Barometer, correction of 
for the effects of 
heat, 22 
Baryta, 355 . 
Basis, in dyeing, what, 
583 
Bassorin, 592 
Battley’s sedative liquor, 
545 
Baumé’s hydrometer, de- 
grees of, reduced to 
the common stand- 
ard, 713 
Bell metal, 458 
Benzoates, 537 
Bile and biliary calculi,653 
Bismuth and its . oxide, 
419 
magistery of, 420 
chloride and sulphu- 
ret. of, 420 
alloy of, 457 
Bitter principle, 595 
Bituminous substances, 
570 
Black dye, 586 
Black drop, 546 
Black lead, 385 
Bleaching, 237 
Bleaching powder, 362 
Blende, 386 . 
Blood, 633 
Blow-pipe, with oxygen 
and hydrogen, 160 
with oxygen gas, 160 
Blue, Prussian, 508 
dyes, 583 
Boa constrictor, urine of, 
624 
Byes point of. liquids, 


Bones, 675 
Borates, 490 


Borax, 490 
Boracite, 491 
Boron, 229 
Brain, analysis of the, 677 
Brass, 458 
Brazil wood, 585 
Bromine, 695 | 
Bronze, 455 
Brucia, 549 — 
Butyrine, 631 
Butter, 658... 
of antimony, 409. . 


C 
Cadmium, 388. 
oxide of, 389 
Caffein, 593 
Calamine, 386 , 
Calcium and. oxide of lime, 
359 i 
deutoxide and chlo- 
ride of, 361. 
sulphuret of, 363 
Calcination, 327 
Calculi, urinary, 670 
biliary, 653 
Calomel, 436 
Caloric, 7 
communication of, 9 
radiation of, 12 
effects of, 18. 
expansion produced by 
in solids, .19 
- liquids, 21 
gases, 24 
specific, 34, 40 
capacities. of bodies 
for, 34 
of fluidity, 42 
sensible. and insensi- 
~ ple, 35 
latent, 43 
sources of, 61 
quantity of, in bodies, 
AT 


Calorimeter, 36 
Calx, 327 
Camphor, 556 | 
Camphorates, 540 
Cannon metal, 458 
Canton’s phosphorus, 68 
Caoutchouc, 559 
Capacity for caloric, 34 
Carbon, 199 
compounds of, with 
hydrogen, 276 
nitrogen, 302 
chloride of, 249 
sulphuret of, 317. 
Carbonates, general pro- 
perties of, 493 


Carbonates, particular de- 
scription of, 493, 498 

Carbonic acid, 204 

Carbonic oxide, 208 

Carbo-sulphurets, 318 

Carburetted hydrogen, 
276 

Carmine, 585 

Cartilage, 675 

Caseous matter, 659 

Caseous oxide, 589 

Cassius, purple powder of, 
445 


’Catechu, 586 
Cathartin, 593 
Caustic, lunar, 439 
Cerate, 560 
Cerin, 560 
Cerium and oxides, 414 
Cerulin, 584 
Ceruse, 498 
Cetine, 632 
Chalk, 497 
Chameleon mineral, 378 
Charcoal, 200 
animal or ivory black, 
200 
Cheese, 659 
Chemical affinity or attrae- 
tion, 99 
action, changes which 
accompany it, 105 
Chemistry, definition of, 4 
’ organic, 510 
inorganic, 6 
nomenclature of, 96 
Classification of chemical 
substances, 5 
Chlorates, general chrac- 
ters of, 481 
of potassa and bary- 
ta, 482 
Chloric ether, 283 
acid, 246 
Chloride of nitrogen, 247 
carbon, 249 
phosphorus, 252 
sulphur, 251 
lime, 362 
Chlorides, metallic, 329 
Chlorine, 233 
and hydrogen-muri- 
atic acid, 238 
and oxygen, 243 
protoxide of, 244 
peroxide of, 245 
nature of, 254 
Chloriodic acid, 265 
Chloro-carbonic acid, 253 
Cholesterine, 632 


». 


INDEX. 


Chromium, 400 
compounds of, with 
oxygen, 401 
Chromates, 488 
of iron, 489 =” 
Chrome yellow, 490 
Cinchona bark, active prin- 
ciple of, 546 
Cinchonia, 546 
Chyle, 657 
Cinnabar, 438 
Citrates, 534 
Coke, 572 
Coal, 571 
gas, 290 
Cobalt, 415 
oxygen, 416 
Cocculus indicus, principle 
of, 551 
Cochineal, 585 
Cohesive attraction, 3 
Cohesion, 3 
influence of, over che- 
mical action, 107 
Cold, artificial methods of 
producing, 44 and 54 
Colocyntin, 595 
Colouring matter, 582 
Colours, adjective and sub- 
stantive, 583 
Columbium, and its acid, 
406 
Combination defined, 4 
laws of, 117 
Combining proportions de- 
fined, 130 
Combustion, 153 
theories of, 154 
spontaneous, 553 
Composition of bodies how 
determined, 5 
Conductors of caloric, 
Congelation, 41 — 
Copal, 557 
Coppernickel, 417 
Copper, 423 — 
oxides of, 424 
chlorides of, 426 
sulphuret of, 427 
ammoniuret of, 474 
alloys of, 458 
ammoniacal sulphate 


of, 396 
sheathing, preserva- 
tion of, 85 
Cork, &93 


Corrosive sublimate, 434 
Cream of milk, 658 
Cream of tartar, 529 
Crocus of antimony, 411 
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Cryophorus, 559 
Crystallization of salts, 465 
water of, 466 
Caloric, quantity of, in 
bodies, 47 
Curcuma paper, 586 
Curd, 659 
Cuticle, 676 
Cyanides, 303 
Cyanogen, 302 
Cyanurets, 303 
of iodine, 312 
metallic, 335 
Cystic oxide, 672 


D 
Decomposition, simple, 100 
double, 103 
Decrepitation, 466 
Deflagration, 327 
Deliquescence, 464 
Delphia, 551 
Desrosne, salt of, 546 
Destructive distillation, 
514 
Detonating powders, 482 
Diamond, 202 
Differential thermometer, 
27 
Digesting flask, fig. 9 
Dippel’s oil, 630 
Distillation, apparatus for, 
fig. 18 ‘ 
Dragon’s blood, 557 
Dutch gold, 458 
Dyes, 583 


E 


' Earths, 343 


Ebullition, 49 

Efflorescence, 466 

Egg shells, 676 

Eggs, 660 

Elaine, 554 and 630 

Elastic gum, 559° 

Elasticity, its effect on 
chemical affinity, 109 

Electric affinity, 100 

Electricity, 71, 4°, 

Electrical machine, 74 

Electro-magnetism, 87 

Electro-negative, and elec- 
tro-positive bodies, 83 

Electro-chemical theory,84 

Elements, what, and how 
many, 5 

Emetia, 550 

Emetic tartar, 531 | 

Emulsion, 553 

Epsom salts, 472 
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Equivalent, chemical,what 
130 

scale table of, 703 
Erythrogen, 656 
Essential oils, 554 

salt of lemons, 527 
Ether, 565 

acetic, muriatie, hy- 

driodic, 569 

chloric, 283 

nitrous, 568 

pyro-acetic, 519 

sulphuric, 565 
Ethiops mineral, 438 

per se, 432 
Euchlorine, 244 
Eudiometer, 178 

Hope’s. 681 

Volta’s 679. 
Evaporation, 53 

cause of, 55 
Expansion, 19 

of solids by heat, 19 

liquids by do. 21 

gases by do. 24 
Extractive matter, 595 
Eye, humours of, 663 


F 
Farina. . See starch. 
Fat of animals, 630 
Feathers, 676 
Fecula. See starch. 
Fermentation, 596 
Ferro-cyanates, 507 
Fibre, woody, 581 
Fibrin, 615 
Filter, 688 
Fire-damp of coal mines, 
278 
Flame, 280 
Fixed oils, 552 
Flask for digesting, fig. 9 
Flesh of animals, 677 
Flint, 371 
Flowers of sulphur, 211 
Fluates, 491 
Fluidity, caused by calo- 
ric, 41 
Fluorie' acid, 266 
Fluoboric acid, 269 
borates, 492 
Fluo-silicie acid gas, 374 
silicates, 374 
Fluorine, 266 
Fluor spar, 491 
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Flux, white and black, 530 
Food of plants, 611 
Freezing mixtures, 45 
in vacuo, Leslie’s me- 
thod, 55 
Frigorific mixtures, table 
of, 45 
Fulminating gold, 444 
mercury, 309 
platinum, 449 
silver, 309 and 440 
Fulminic acid, 309 
Fuming liquor of Liba- 
vius, 392 
Fungin, 593 ° 
Funnel, 688 
Fusion, 41 
watery, 466 
Fusible metal, 457 
Fustic, 585 


G 
Galena, 431 
Gallates, 538 
Gall-nuts, 586 
Gall-stones, 653 
Galvanic battery or trough, 
17 
arrangements, 79 
Galvanism, 76 
effects of, 80 
chemical agency of, 81 
electrical agency of, 
80 
connection of, with 
magnetism, 87 
theories of its produc- 
tion, 91 : 
Gases, 60 
condensation of, 61 
law of expansion of, 
25 
conducting power of, 
12 


formula for correcting 
the effects of heat 
on, 26 

specific caloric of, 37 

their bulk influenced 
by moisture, and 
the formula for cor- 
recting its effect, 57 

mode of drying, 60 

Gas, from coal and oil, 290 

apparatus for generat 

ing, fig. 7 and 10 


Gas, gastric juice, 651 
Gelatine, 620 
Germination, 605 
Gilding, 456 
Glass, 372 
expansion of, by heat, 
20 
of antimony, 411 
Glauber’s salt, 470 
Gliadine, 590 =» © 
Glucina, 367 
Glue, 620 
Gluten, 589 
Glycerine, 554 and 630 
Gold, 442 
oxides of, 443 
chlorides of, 444 
fulminating com- 
pound of, 444 
sulphuret of, 445 
alloys of, 459 
mosaic gold (aurum 
musivum,) 393 
Golden. sulphur of anti- 
mony, 411 
Gong, Indian, 458 
Goulard’s extract, 522 
Gouty concretions, 626 
Graphite, 385 
Gravel, urinary, 670 
Gravitation; 2 
Gravity, effect of, on che- 
mical action, 115 
specific modes of de- 
termining, 94 
Growth of Plants, 607 
Gum, 579 
elastic, 559 
Gum-resins, 558 
Gun-powder, 478 
Gypsum, 47] 


H 
Hematin, 585 
Hair, 676 
Harrogate water, 691 
Hartshorn, spirit of, 272 
Heat, animal, 647 
intense, how generat. 
ed, 160 
Hiccory, wild American, 
585 
Hircine, 631 
Honey, 576 
stone, 541 
Hoofs, 676 


Hordein, 578 
Horn, 676 ai 
Horn-lead, 430 - 
Horn-silver, 441 
Humours of the eye, 662 
Hydracids, salts of, 499 
Hydrates, nature of, 166 
Hydriodates, 503 
Hydro, in what manner 
_ employed, 166 
Hydro-carburet of chlor- 
ine, 283 
iodine, 284 
Hydro-cyanates, 506 
Hydrogen, 156 
deutoxide, or peroxide 
of, 167 
arseniuretted, 399 
carburetted, 276 
bi-carburetted, 281 
and carbon, new com- 
pounds of, 285 
phosphuretted, 300 
per-phosphuretted, 
298 
potassuretted, 
seleniuretted, 297 
sulphuretted, 293 
super-sulphuretted, 
296 


telluretted, 423 
with metals, 342 
Hydrometer, Baumé’s, de- 
grees of, reduced to the 
common standard, 713 
Hydrosulphuric acid, 295 
Hydro-sulphurets, or hy- 
dro-sulphates, 505 
Hygrometer, 59 
Hyper-oxymuriates of = 
tassa, 482 
Hypo-phosphorous acid, 
227 


Hypo-nitrous, 190 
Hypo-sulphates, 221 
Hypo-sulphurous acid, 
220 
sulphuric acid, 221 


I 
Ice. See water, 
Imponderables, 5 
influence of over che- 
mical action, 115 
Incandescence, 67 
Indigo, 584 
Ink, 538 
_ sympathetic, 417 
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Insolubility, influence of 
on Affinity, 109 

Inulin, 594 

Todates, 483 

Iodic acid, 263 

Iodide of nitrogen, 265 

Iodides, metallic, 330 

Iodine, 257 
and hydrogen—hy- 
driodic acid, 259 
iodous, 264 
and phosphorus, 266 
and sulphur, 266 

Ipecacuanha, emetic prin- 

ciple of, 550 

Tridium, 453 

Iron, 380 
oxides of, 381 
chlorides of, 383 
sulphuret, phosphur- 

et, and carburets of, 
384 

Isinglass, 620 

Ivory black, 200 

Jelly, animal, 620 
vegetable, 580 


K 
Kermes, mineral, 411 
Kelp, 495 
King’s yellow, 400 


L 
Lakes, 583 
Lamp without flame, 567 
safety, 279 
Lamp black, 557 
Lard, 630 
Latent heat. See Caloric. 
Lateritious sediment, 627 
Laws of Combination, 117 
Law of multiples, 121 
Lead, 427 
oxides of, 428 
chloride of, 430 
iodide and sulphuret 
of, 431 
alloys of, 457 
Lemons, acid "of. See Citric 
acid. 
essential salt of, 527 
Leyden jar, 75 
Libavius, fuming liquor of, 
392 
Ligaments, 676 
Light, 63 
chemical effects 
66 


of, 
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Light, heating power of, 65 
magnetizing power of, 
67 - 


modes of detérmin- 
ing its intensity, 70 
Lignin, 581 
Lime, 359 
water and hydrate of, 
360 
milk of, cream of, 360 
chloride of, 362 
phosphuret of, 363 
stone, 497 — 
Liniment, 560 
volatile, 553 
Liquefaction, 40 
Liquids, expansion of by 
heat, 22 
conducting powers of, 
11 


latent heat, 53 
Litharge, 428 
Lithia, 353 
Lithates, 625 
Lithium, 352 
Litmus, 585 
paper, 689 
Liver of antimony, 411 
sulphur, (Hepar sul- 
phuris,) 333 
Logwood, 585 
Luna cornea, 441 
Lunar caustic, 439 
Lupulin, 594 
Lymph, 661 


M 
Madder, 585 
Magistery of bismuth, 420 
Magnesia, 364 
Magnesium, 363 . 
Magnetism, pear 2 87 
Malachite, 498 © 
Malates, 535 - 
Maltha, 571 
Malting, 606 
Manganese, 374 
oxides of, 375 
chloride and ie 
of, 379 
Manganesiates, 378 
Manna and Mannite, 576 
Marble, 497 
Massicot, 428 
Matter, properties of, 1 
Medullin, 594 
Molasses, 575 
Membranes, 676 
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Mercurial trough, 714 
Mercury, 431 
oxides of, 433 
chlorides, 434 
cyanuret, and 
phurets of, 437 
iodide of, 436 
fulminating, 309 
muriate, | (corrosive 
sublimate) 434 
submuriate of, (calo- 
mel) 436 
Metallic combinations, 453 
general properties of, 
32h 
Metals, 321 
table of discovery of, 
321 


sul. 


specific gravi- 
ty, 322 
-fusibility of, 
325 
reduction | of, 
327 
combustibility 
of, 326 
compounds of, with 
chlorine, 337 
iodine, 330 
bromine, 695 
sulphur, 331 
selenium, 335 
cyanogen, 335 
phosphorus, 
341 
hydrogen, 342 
classification of, 342 
Meteoric stones, 380 
Milk, 658 
sugar of, 623 
Mindererus’s spirit, 521 
Mineral chameleon, 378 
Mineral tar, 570 
pitch, 571. 
Mineral waters, analysis 
of, 689 
Minium, 430 
Mixtures, Frigorific, 45 
Molybdates, 404 
Molybdenum, 403 
compounds of, with 
| oxygen, 404 
sulphuret of, 404 
Mordaunt, 583 
Morphia, 543. 
Mother of pearl, 676 
Mucilage, 579 
Mucus, 663 


INDEX. 


Multiples, law of combi- 
nation in, 121 

Muriates, 500 

Muriatic ether, 569 

Muscle, 677 

converted 
632 

Mushrooms, peculiar sub- 
stance of, 593 

Myrica cerifera, wax from, 
560 

Myricin, 560 


into fat, 


N 
Nails of animals, 676 » 
Naphtha, 289 
from coal tar, 570 
Naphthaline, 289 
Narcotine, 546 
Neutral salt, characters of, 
| 463 
Neutralization, 105 
Nickel, 417 
oxides of, 418 
Nitrates, general charac- 
ters of, 476 
particular descriptions 
of, 476 to 481 
Nitre, 477 
Nitric acid, 194 
oxide, [#5 
Nitrites, general charac- 
ters of, 481 
Nitrogen gas, 171 
nature of, 173. 
protoxide of, 182 
deutoxide of, 185 
Nitrous acid, 191 
gas, 185 
oxide, 182 
Nomenclature, 96 


O 
Oil, Dippel’s animal, 630 
of vitriol. See) acid 
) sulphurie. 
of wine, 565 5 
gas 29019 eyois 
Oils, animal, 629 ron 
fixed, 552 
volatile; or essential, 
554 
Ointment, 560 
Olefiant gas, 280 
Olive oil, 594 
Opium, active 
of, 543 


principle 


Organic chemistry, 510 — 

substances, character 

of, 510. 

Orpiment,. 400 
Osmazome, 677 
Osmium and its oxide, piney 
Oxalates, 526. i 
Oxidation, Likes 


Oxide, cystic, 672 (a 


zanthic, 674. 
Oxides, what, 151. 
nomenclature of, 97 
Oxygen, 149 
Oxy-hydrogen | blowpipe, 
160 Lug ' 


Oxiedine, 263... 

Oxymuriatic ‘acid, 
Chlorine. ni 

Oxy muriateof potas, 482 


See 


Ror onus 
Palladium sediiedie 450 
Pancreatic juice, 651 
Paper, preparation of for 
tests, 689 
Papin’s digester, 51 
Particles’ ,integrant: and 
component, 3 : 
Pearls, 676 
Pearlash, 494 
Pechblende, 412 
Per icardium, diquait of the, 
661. 
Perspiration, fluid of, 664 
Petroleum, 570 
Pewter, 457 
Phenecin, 584 
Phlogiston, 154 
Phosgene gas, 253 ; 
Phosphates, general qhar 
racters of, 484. — 
particulas dodeciesicit 
of, 484 to 486 
Phosphatie acid, 227 «+ 
Phosphites and mbrophet 
phites, 486... 
Phosphorescence, 68 ©). 
Phosphorie acid, 224 ; 
ether, 566 
Phosphorous acid, 226 
Phosphorus, 223°" 6) 
With oxygen, 224.0» 
oxides of, 228 
with chlorine, 252 
with iodine, 266 
with selenium, 320) 
Canton’s, 68». > 6. 
Phosphuret, metallic, 341 


Phosphuret of lime, 363° 
Phosphuretted hydrogen 
gas, 300 
Photometer, 70 . 
Picromel, 655 
Picrotoxia, 551 . 
Pinchbeck, 458 
Piperin, 594. © 
Pitch, mineral, 571. . 
Pit coal, 571 fcr 
Plants, growth of, 607 . 
food of,.611 
Plaster of Paris, AG J 
Plasters, 5575 - 
Platinum, 446 
chlorides and oxides 
of, 447. 
sulphuret of, 449 
alloys of, 459 
fulminating, 449 
Plumbago, 385 
Pollenin, 594 
Polychroite, 584 
Potassa, 345 = 
tests of, 348 
Potash, 494 
Potassium, 344 
oxides of, 345 
chloride and 
of, 348 
with -hydrogen, sul- 
-phur,.and phospho- 
rus, 349 
Potato, starch of, 577 
Precipitate, red, 433 
Precipitation explained, 
106 


iodide 


jars for, fig. 15. 
Pressure, influence of on 
the bulk of gases, 96 
Proportions in. which bo- 

dies combine, 117 
Proportional. numbers de- 
fined, 130 
table of, 703 — 
' Prussian blue, 508 
Prussiates. See hydrocy- 
anates. 
Prussiate triple. See ferro- 
cyanates. 
Purple powder of Cassius, 
445 


Purpurate. of ammonia, 
626 

Pus, 633 

Putrefaction, 603 and 678 

Putrefactive fernquiayion, 
603 
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Pyrites iron, 384 
copper, 426 
Pyro-acetic ether, 519 
‘ and pyroxilic spirit, 
581 
Pyrometer, 31 
Wedgwood’s, 31 


Quantity, its influence on 


affinity, 111 
Quercitron bark, 585 
Quick lime, 359 
Quicksilver, 431 
Quills, 676 
Quinia, 546 


Radiant heat, 12 
Rays, luminous, 63 
calorific, 66 
chemical, 66 
Realgar, 400 
Red lead, 430 
dyes, 585 
Reduction of metals, 327 
Regulus of antimony, 407 
Rennet, 659 
Repulsion opposed to co- 
hesion, 41 
Resins, 557 
Resin of copper, 426 
Respiration, 640 
Retinasphaltum, 571 
Retort, D. fig. 7. 


Rhodium, 450 


oxides of, 451 
Rhubarbarin, 595 
Rochelle salts, 530 
Rouge, 585 
Rusting of iron, 380 


S 

Saccharine fermentation, 

596 
Safety lamp, 279 
Safflower and saffron, 585 
Sago and salep, 579 
Sal-ammoniac, 500 
Salifiable base, 461 
Saliva, 650. 
Salt, common, 351 


of sorrel. See acid 

~ oxalic. 

petre, 477 

spirit of. See acid mu- 
riatic. 
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Salts, general remar ks on 
461 
nomenclature of, 97 
and 98 — 
classification of, 464 
affinity of for water, 


465 
crystallization of, 
465 
constitution of, 467 
double and triple, 
468 — 


Sarcocoll, 594 
Sabine eer what, 
112 
Saxony, blue, 584 
Scale of equivalents, 703 
Scheele’s green, 396 
Sea water, 694 
Secretedianimal fluids, 650 
Sealing wax, 557 
Sediment of the urine, 6€9 
Seignette, salt of, 530 
Selenic acid, 232 
Selenite, 471 
Selenium, 232 
oxide of 252 
Seleniuretted) hydrogen, 
297 
Seleniurets, metallic, 335 
Serosity and serum, 624 
Serous membranes, © fluid 
of, 661 
Shells, 676 
Silica, 371 
Silicates, 371 
Silicated alkali, 371 
Silicium, 369. 
Silk, 676 
Silvex and its oxide, 438 
chloride of, 440 
iodine, cyanuret, and 
sulphuret of, 441 


fulminating com- 
pounds of, 309 and. 
440 
alloys of, 4ce 
Skin, 676. 
Smalt, 415° oe 
Soap, 554 and 1 630 
Soda, 350. 
tests of, 351.0 9 es 


Sodium, 350 
oxides of, 350 
chloride, 351 

Solania, 551 

Solar rays, 63 

Solder, 457 
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Solids, expansion of, by 
heat, 19 
liquefaction of, 40 
conducting power of, 
10 


Specific caloric of, 39, 
40 ‘ 
Solution, produced by af- 
finity, 117 
Sorrel, salt of. See oxalic 
acid. 
Spar, Iceland, 497 
fluor, 491 
heavy, 470 
Specific gravity defined, 
9885 § | 


caloric, how discover- 
ed, 94 
Speculum metal, 458 
Spectrum, prismatic, 65 
Spelter, 386 
Spermaceti, 629 
Spirit proof, 562 
of wine, 561 
pyroxylic and pyro- 
acetic, 581 
Starch, 576 
Starkey’s soap, 555 
Steam, temperature of, 51 
elasticity of, 51 
latent, heat of 53 
Steam engine, principle of, 
52 


Stearine, 554 and 630 
Steel, 385 
new alloys of, 459 
Still, common, fig. 18 
Strontia, 358 
Strontium, 357 
oxides and 
of, 358 
Strychnia, 549 
Suberin, 593 
Succinates, 539 
Suet, 630 
Sugar of lead, 521 
Sugar, 573 
Sugar-candy, 574 
Sugar of milk and Diabe- 
tes, 623 
Sulphates, general charac- 
ters of, 468 
particular description 
of, 469 to 475 
Sulphites, sulphuretted, 220 
general characters of, 
AT6 
Sulpho-cyanates, 50% 


chloride 


INDEX. 


Sulphur, 211 
compounds of, with 
oxygen, 213 — 
chlorine, 251 
carbon, 317 
selenium, 319 
Sulphurets metallic, 333 
Sulphurous acid, 213 
Sulphuric acid, 217 4 
Sulphuretted hydrogen, 293 
Sulphuretted sulphites, 220 
Sulphuric acid, 216 ~ 
table of, 7 ‘12 
ether, 565 
Sulphur, 211 
balsam of, 555 
Supporter of combustion, 
152 
Surturbrand, 571 
Synthesis defined, 6 


(4 
Tallow, 630 
Tannin, 586 
artificial 
of, 588 
Tanno-gelatine, 588 
Tantalum, 405 
Tapioca, 579 
Tar mineral, &70 
Tartar, cream of, 529 
soluble, 529 
emetic, 531 
Tartrates, 528 
Tears, 662 
Teeth, 675 
Telluretted hydrogen gas, 
423 
Tellurium and its oxide, 
422 
Temperature, what, 32 
Tenacity of different me- 
tals, 324 
Tendons, 676 
Thermometer, 27 
differential, 27 
Formula for convert- 
ing the expression 
of one into another, 
30 | 
graduation of, 29 
Thorina, 368 
Tin and oxides of, 390 
chloride and sulphu- 
ret of, 392 
alloys of, 457 
Tincal, 490 
Tannin, 458 - 


formation 


Titanium and its ¢com- 
‘pounds with oxygen, 421 
Tombac, 458 
Trona, 496. 
Treacle, 575 
Trough, galvanic, 78 
hydro-pneumatic, 
plate 7 
macula plate 8 
Tungsten and its ¢om- 
pounds with oxygen, 404 
Turpeth mineral, 475 
Turmeric, a dye, 586 
paper, 689 
Turnsol, 585 
Turpentine, oil of, 555 
Type, metal for, 457 


Pe eh 
Ulmin, 593 
Uranium and oxides, 412 
Urates, 625 
Urea, 62h 
Urine, 665 
Urinary concretions, 670 _ 


Vv 

Vacuum, boiling in, 50 
evaporation, 54 

Vaporization, 47 
cause of, 48 

Vapour, dilatation of, 48 
density of, 48 
formation of, 56 
elastic force of, 51 
latent heat of, 53 
table of elastic force, 
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Vegetable acids, 517 
alkalies, 542 
extract, 595 
jelly, 580 
chemistry, 514 
substances, 514 


' Vegetation, 605 


Veratria, 550 

Verdigris, 522 

Verditer, 498 

Vermilion, 438 

Vinegar, 602 

Vinous fermentation, 597 

Vitriol, blue, 474 
green and white, 473 
oil of. See sulphuric 

acid. 

Volta’s eudiometer, 679 | 
pile, 77 
theory of, 91 


Volumes, theory of, 133 


WwW 
Water, composition of, 163 
properties of, 165 
expansion of in freez- 
ing, 23 
latent heat of, 33 
boiling and freezing 
point of, 29 
Solubility of gases in, 
167 
of crystallization, 466 
rain, snow, spring, 
well, river, 690 
of the Sea and the 
Dead Sea, 694 
Waters, mineral, 689 


carbonated, _chaly- 
beate, and sulphu- 
rous, 691 
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a 
Waters saline, 692 
Wax, 559 
Welding, 380 
Welter’s tube of safety, 
fig. 12 
Wheat flour, 590 
Whey, 660 
White lead, 429 
White copper, 458 


- Wine, quantity of alcohol 


in, 564 
oil of, 565 
Wires, tenacity of, 324 
Wood, 583 
Woody fibre, 581 
Wool, 676 
Woulfe’s apparatus, fig. 11 


x 
Xanthic oxide, 674 
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Xanthogen, 318 


Yeast, 589 
Yellow, mineral, or pas 
tent, 431 
king’s, 400 
chrome, 490 
dyes, 585 
Yttria, and its base, 368 


Z 
Zaffre, 415 
Zero absolute, 47. 
Zymome, 590 
Zinc, 386 . 
oxide and chloride of, 
387 
sulphuret of, 388, 
Zirconia and its base, 368 
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